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PREFiCE  TO  THE  SECOND  EDITION. 


Mant  important  changes  have  been  made  in  the  present  edition^ 
designed  to  adapt  the  work  more  fallj  to  the  wants  of  the  higher 
seminaries,  where  mathematical  demonstrations  are  reqnired  of  the 
ekases  in  Natural  Philosophy.  With  this  view,  the  two  first  Parts 
have  been  almost  wholly  rewritten,  and  upon  a  different  plan  of 
arrangement.  Some  subjects  which  were  perhaps  too  fully  treated 
in  the  first  edition, — as,  for  example,  Crystallography, — have  been 
reduced,  while  others  have  been  expanded  to  meet  the  just  propor- 
tions of  a  harmonious  treatment.  These  remarks  apply  also  to  Part 
Third  (the  Physics  of  Imponderable  Agents),  and  especially  to 
Optics  and  Heat  In  the  latter  chapter  some  topics  have  been 
omitted  which  are  more  appropriately  treated  in  Chemistry. 

The  mathematical  demonstrations,  while  they  are  designed  to  be 
as  simple  as  possible  consistent  with  exactness,  are  believed  to  be 
as  full  and  rigorous  as  are  demanded  in  institutions  where  only 
geometric  and  algebraic  methods  are  used.  Analytical  methods 
have  not  been  introduced,  as  the  book  was  not  designed  for  the 
comparatively  limited  number  of  colleges  where  the  higher  mathe- 
matics are  employed  in  teaching  Physics. 

The  questions  at  the  foot  of  the  pages  in  the  first  edition,  have 
been  omitted,  to  gain  space  for  a  considerable  number  of  practical 
problems  (mostly  original,)  designed  to  exercise  the  student  in  the 
application  of  the  principles  and  formulas  found  in  the  text.  To 
aid  in  the  solution  of  these,  and  to  assist  the  teacher  in  the  con- 
struction of  additional  problems,  numerous  physical  Tables  have 
been  aided  in  the  Appendix. 

The  plan  of  using  two  kinds  of  type,  resorted  to  in  the  first 
1  •  (5) 
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edition,  has  been  continued  with  more  particularity  in  this  The 
book  is  thus  adapted  to  the  use  of  the  general  reader,  and  to  stu- 
dents who  seek  only  a  knowledge  of  general  principles. 

These  changes  and  additions,  the  author  believes,  entitle  this 
edition  more  fully  to  the  encomiums  bestowed  on  the  first  by  many 
of  the  ablest  physicists  and  most  experienced  teachers  in  this 
country.  By  the  liberality  of  the  publishers,  numerous  additions 
have  been  made  to  the  wood-cuts^  while  new  designs,  in  numerous 
cases,  replace  those  of  less  beauty  in  the  first  edition. 

The  design  has  been,  in  this  edition,  to  give  to  all  the  depart- 
ments of  physical  science  a  just  proportion  of  space,  in  harmony 
with  the  general  scope  of  the  book.  The  subject  of  Mechanics 
and  Machines  (upon  which  so  many  excellent  special  treatises 
exist)  has,  therefore,  been  condensed  into  a  smaller  proportionate 
space  than  it  usually  occupies  in  American  treatises  on  Natural 
Philosophy;  while  such  fundamental  subjects  as  Motion,  Force, 
Qravitation,  Elasticity,  Tenacity,  and  Strength  of  Materials,  are 
considered  at  more  length. 

The  author  has  freely  availed  himself  of  all  the  sources  of  in  for 
mation  within  his  reach.  A  list  of  the  works  chiefly  used  in  the 
preparation  of  this  edition  is  appended — to  which  should  be  added 
the  chief  foreign  journals,  and  transactions  of  learned  societies — 
which  have  been  resorted  to  for  the  original  memoirs  quoted  on  a 
great  variety  of  topics.  He  is  also  particularly  indebted  for  good 
counsel  to  many  scientific  and  personal  friends,  the  influence  of 
whose  criticisms  on  the  first  edition  they  will  find  frequently  in 
the  present.  More  than  to  all  others  is  he  indebted  to  Dr.  M.  C 
White,  of  New  Haven,  for  his  constant  attention,  both  in  the 
preparation  of  uew  matter  and  in  the  revision  of  the  press. 

He  also  takes  pleasure  in  again  acknowledging  his  obligations 
to  Prof  C.  H.  PoRTEE,  of  Albany. 

For  a  final  revision  of  the  sheets,  and  the  detection  of  a  number 
of  errors  which  had  escaped  previous  proof-readers,  the  author 
is  indebted  to  Mr.  Arthur  W.  Wright,  Assbtant  Librarian  of 
Yale  College. 

Fuller  references  have  been  added,  especially  to  American  autho- 
rities 'y  and  the  author  hopes  no  apology  is  required  for  the  frequent 
references  to  the  American  Journal  of  Science,  which  is  supposed 
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to  be  a  work  accessible  to  all  AmericaD  teachers,  while  the  Earo- 
pean  joamals  are  rarely  so ;  and  references  to  these  would,  there* 
fore,  be  of  little  practical  use  to  the  great  majority  of  readers  of 
such  a  treatise  as  this. 

As  DO  table  of  errata  is  given  (all  errors  thus  far  discovered 
being  corrected),  the  author  will  esteem  it  a  great  favor  if  any 
person  using  the  book  will  communicate  to  him  direct  any  erroiB 
of  fact  or  figures  which  may  be  discovered. 

New  Haven,  October  15,  1860. 
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FROM  PREFACE  TO  THE  FIRST  EDITION. 


This  band-b  ok  baa  been  prepared  with  a  view  to  give  a  fair  ezposi* 
lion  of  the  present  condition  of  the  several  departments  of  Physics.  * 
♦  ♦  «  «  «  Accuracy  of  statement,  fullness  of  illustration, 
conciseness  of  expression,  and  a  record  of  the  latest  and  most  reliable 
progress  of  science  in  these  departments,  have  been  the  leading  objects 
in  its  preparation. 

Only  those  who  have  attempted  to  harmonize  and  present  in  doe 
proportion  the  whole  of  so  vast  a  subject  as  this,  in  a  compendious 
form,  can  fully  appreciate  the  labor  and  difficulties  which  attend  it. 

Without  claiming  for  the  present  volume  any  credit  more  than 
belongs  to  a  faithful  digest  and  compilation  from  the  best  authorities 
in  modem  science,  it  is  hoped  that  it  will  be  found  suited  to  the  wants 
of  a  large  class  of  both  teachers  and  students.  No  pains  have  been 
wanting  to  secure  accuracy  both  in  fact  and  mechanical  execution. 
The  publishers  have  spared  no  expense  to  illustrate  the  book  with  a 
profusion  of  wood  cuts.  Many  of  these  are  original  designs,  or  are 
reduced  from  larger  drawings  by  photography — and  others  have  been 
selected  with  care  from  the  best  standard  authors.  ♦♦♦♦♦♦ 
Whenever  it  was  possible,  reference  has  been  had  to  original  memoirs 
in  Journals  and  Transactions,  and  in  this  way  many  errors  current  in 
works  of  inferior  authority  have  been  corrected.  With  but  few  excep- 
tions, references  to  foreign  memoirs  have  been  omitted  in  the  text,  aa 
their  insertion  ooold  profit  only  a  very  small  number  of  readers,  and 
might  seem  pedantic.  Not  so  with  respect  to  names  of  discoverers  of 
important  principles  and  phenomena.  A  great  number  of  names  of 
these  will  be  found  in  the  text,  in  their  proper  places,  and  not  unfre- 
qnently  the  dates  of  birth,  or  death,  or  both,  are  given. 

Every  teacher  must  have  observed  that  an  abstract  principle  is 
often  fixed  in  the  memory  by  the  power  of  associated  ideas,  when  it  is 
connected  with  a  date  or  item  )f  personal  interest,  as  the  attention  is 
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awakened  by  the  dramatic  far  more  than  by  the  didactic,  ilence  it 
has  been  thought  judicious  to  iiitriHluce  numerous  important  dates  .n 
the  history  of  science. 

It  gives  me  great  pleasure  to  ucknowledge  many  obligations  to  Pn  f. 
Charles  U.  Porter,  M.  A.,  M.  D.,  of  Albany  (some  years  my  assistant), 
for  his  constant  and  most  important  assistance  in  the  compilation  and 
editing  of  this  book.  Preoccupied  as  my  own  time  has  been,  I  should 
not  at  times  have  found  it  possible  to  proceed  without  his  valuable 
assistance  and  excellent  judgmeut.  Dr.  M.  C.  Wuite,  of  this  town,  has 
also  rendered  me  important  aid,  especially  in  Optics,  and  in  the  rdvi< 
sion  of  the  press. 

»  *  •»»  •  •  •• 


New  Havbii,  Coee     Oct,  16,  1868. 
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PART  FIRST. 

PHYSICS  OF  SOLIDS  AND  FLUIDS. 
CHAPTER  I. 

IHTBODUCTIOH. 

• 

1  liattar. — ^Matter  is  that  which  occupies  sfMice,  and  is  the  olgoot 
of  ^ense.  Our  knowledge  of  the  material  world  is  founded  upon  expe- 
rience, or  the  eyidence  of  oor  senses ;  and  the  conviction  that  the  same 
eaases  will  always  produce  the  same  effects. 

A  definite  and  limited  portion  of  matter,  whether  it  be  a  particle  of 
dust  or  a  planet^  is  called  a  body.  The  different  kinds  of  matter,  as 
water,  marble,  gold,  or  diamond,  are  called  substances.  Numberless  as 
are  the  various  substances  known  to  man,  they  are  all  composed  of 
a  limited  number  of  simple  bodies  called  elements. 

2.  Obaenratioii  and  eaq;>erimeiit. — By  observation  we  become 
acquainted  with  those  changes,  in  the  condition  and  relations  of  bodies, 
which  occur  spontaneously  in  the  ordinary  course  of  nature ;  but  the 
knowledge  thus  acquired  is  limited  when  compared  with  the  results 
of  experiment.  By  the  use  of  proper  apparatus  we  can  repeat  natural 
phenomena  under  varied  conditions;  and,  among  all  the  attendant 
circumstances,  we  can  determine  what  are  accidental,  and  what  are 
essential  to  any  given  effect. 

Phenomena. — A  phenomenon,  in  the  sense  in  which  this  word  it 
used  in  science,  b  any  event  taking  place  in  the  ordinary  course  of 
nature.  Thus  the  changes  of  the  seasons,  the  fall  of  rain  or  dew,  the 
burning  of  a  fire,  and  the  death  of  an  animal,  are  more  truly  pheno- 
mena of  nature  than  those  more  rare  or  alarming  events  to  which  in  a 
vulgar  sense  this  word  is  usually  confined. 
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3.  Law.  Theory,  and  Hypothesis. — In  conducting  an  csperimenti 
we  are  taught  to  trace  with  certainty  the  connection  between  different 
phenomena ;  to  classify  effects  of  the  same  kind  and  refer  them  to  their 
common  cause ;  in  fine,  to  deduce  from  many  experiments  the  govern* 
ing  principle,  or  law  of  nature,  in  obedience  to  which  they  are  produced, 
and  to  unite  both  facts  and  principles  into  a  theory,  or  comprehensiTe 
view  of  the  whole  subject.  Such  theories  are  a  fruitful  source  of  new 
experiments  and  new  discoveries. 

The  terms  law,  theory,  and  hypoihestM  are  often  used  interchangeably, 
and  are  all  designed  to  express  the  various  degrees  of  perfection  attained 
in  any  department  of  human  knowledge,  towards  the  understanding  of 
the  thoughts  of  God  as  expressed  in  the  phenomena  of  the  physical 
world.  An  hypothesis  is  a  guess  or  assumption,  designed  to  aid  further 
investigation,  and  bears  the  same  relation  to  a  theory  or  law  as  the 
scaffolding  bears  to  the  perfect  building.  A  theory  is  the  most  perfect 
expression  of  physical  truth,  and  is  deduced  from  both  laws  aiid  prin* 
ciples  that  have  been  established  on  independent  testimony. 

That  a  theory  should  rise  to  the  highest  expression  of  the  laws  of 
nature,  it  must  account  not  only  for  all  known  phenomena  falling 
under  it,  but  for  all  possible  cases  with  their  irregularities  and  varia- 
tions. Thus  the  law  of  gravitation,  as  developed  by  Newton  from 
terrestrial  phenomena,  has  been  found  strictly  universal  in  its  applica- 
tion ;  not  only  meeting  all  known  facts  in  celestial  mechanics,  but, 
outstripping  observation,  it  has  foretold  events  which  have  been  subse- 
quently confirmed,  or  which  it  still  requires  centuries  of  years  to 
verify. 

4.  Indnotive  Philosophy. — ^When  individual  experience  is  en- 
larged by  the  experience  of  other  inquirers  and  other  times,  and  the 
combined  knowledge  of  many  is  so  arranged  as  to  be  comprehended  by 
one,  the  system  becomes  a  science  or  philosophy  of  nature.  Because 
its  principles  are  founded  upon  a  comparison  and  analysis  of  facts,  a 
system  of  this  kind  is  also  called  Inductive  Philosophy. 

Indactive  phlloaophy  ia  of  modem  origin.  Galileo  (bom  in  1564)  was  the 
first  to  oooimenoe  a  oonrse  of  experimental  researches ;  and  Bacon  (bora  in 
1561),  in  his  immortal  work,  JVbimm  Organum,  showed  that  this  was  the  only 
road  to  an  accurate  knowledge  of  nature.  The  ancients  were  ignorant  of  the 
principles  and  methods  of  inductive  science.  Their  explanations  of  natural 
phenomena  were  based  on  a^9umed  causes ;  they  are  therefore  confused  and 
eontradictory,  and  often  in  direct  opposition  to  experience. 

5.  Foroe. — ^From  the  axiom  that  every  event  must  have  a  cause, 
the  mind  naturally  passes  to  the  recognition  of  certain  powers  or  forces 
in  nature  adequate  to  account  for  the  observed  phenomena.    Thus  we 
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refer  the  &11  of  bodies  to  the  earth  to  the  force  of  grttYitatkii — the 
•trength  of  materials  to  the  force  of  coheeive  attraction — the  directiTe 
power  of  the  oompaae-needle  to  the  earth's  magnetism — the  evaporation 
of  water  to  the  action  of  heat — the  combustion  of  a  fire  to  the  action 
of  ozjgen  oii  the  elements  of  the  fuel,  or  to  the  force  of  chemical 
affinity. 

Man  exercising  his  Tolition  walks,  or  strikes  a  blow— examples  of  the 
mjsterious  connection  between  spirit  and  matter,  of  the  conscious  exer- 
eise  of  mechanical  force.  Bj  the  use  of  a  lever  or  screw  he  transmits 
or  multiplies  his  f<»ce  at  will — bj  experiment  he  learns  that  he  can 
also,  bj  suitable  appliances,  call  into  action,  where  he  pleases,  certain 
other  forces,  otherwise  dormant,  which  he  calls  chemical,  or  phyneal, 
according  as  thej  do,  or  do  not,  invoWe  an  essential  change  in  the 
nature  of  the  materials  employed.  Both  his  consciousness  and  expe- 
rience inform  him  thai  all  these  manifestations  of  force  result  from  the 
▼oluntary  but  mysterious  action  of  mind  upon  matter.  He  b  thus  led 
to  the  unavoidable  conclusion  that  those  great  phenomena  of  nature, 
over  which  he  has  no  control,  must  have  their  origin  also  in  the  volitions 
of  a  SuPExm  RuLia.  Fobci  and  will  thus  become  related  terms,  and 
we  are  compelled  to  regard  the  forces  of  nature,  as  they  are  usually 
styled,  as  only  the  outward  and  visible  manifestations  of  the  mind  ol 
God. 

In  Physics  the  term  force  is  often  used  for  the  unknown  cause  of  a 
known  effect. 

6.  The  piropeTtiea  of  mattar  are  general,  or  apeoiflo. — ^The 
attentive  consideration  of  any  sort  of  matter  will  show  us  the  ex- 
btence  of  two  sorts  of  properties  in  it — namely,  general  properties 
and  specific  properties.  Qo\d,  for  example,  occupies  space  and  pos- 
sesses weighty  but  so  also  does  all  matter,  whether  solid,  liquid,  or 
gaseous  ;  these  properties  are  general.  But  gold  has  a  peculiar  color 
and  lustre,  is  unchangeable  by  the  action  of  causes  which  destroy  the 
identity  of  nearly  all  other  sorts  of  matter,  has  a  definite  and  peculiar 
erystalline  form,  and  weighs  about  nineteen  times  as  much  as  a  like 
bulk  of  water.  These  are  qualities  peculiar  to  gold,  and  by  which  we 
always  recognize  it.    They  are  its  tpeeific  properties. 

7.  The  ohangea  in  matter  are  phyaical,  or  chemical. — Water 
is  changed  by  heat  to  steam  or  vapf>r,  by  loss  of  heat  (cold)  it  if 
reduced  to  a  solid.  By  the  ceaseless  action  of  these  natural  causes,  it 
perpetually  changes  its  place  and  condition.  It  returns  to  the  earth, 
from  its  distillation  in  the  great  alembic  of  the  atmosphere,  as  dew, 
mist,  rain,  hail,  or  snow,  and  by  gravity  seeks  to  gain  a  place  of  rest 
in  the  great  ocean.    But  in  all  its  changes  of  state  and  position  it  is 
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atill  the  same  Bu!>9taiic«.  A  bar  uf  iron,  \>j  conUct  with  u  lcid«sl  ne, 
Boquires  new  prupertiea,  which  we  call  magn^tiu,  but  its  culor,  form, 
tutd  weight  reiuuin  unchanged.  A  glass  tube  ur  plate  of  reiiiD  rubbed 
bj  dr;  silk  or  fur  beoumes  electrical,  m  virtue  uf  which  prupertj  it 
will  Httraot  or  repel  tight  budiee.  These  changes,  which  du  not  dcstruj 
the  Bpecifio  ideotitj  of  the  substance,  are  termed  p/iyiiral  changu. 

But  in  a  damp  atmuephere  the  iron  bar  is  soon  covered  with  rant, 
fi'om  the  action  of  oxygen  (une  of  the  gases  of  the  air)  upun  the  inm. 
The  same  change  follows  Che  action  of  water  alone.  lu  this  latter  caae 
tlie  water  is  decompoBed,  and  with  great  activity  if  a  dilute  acid  is 
present.  The  oxygen  of  the  water  combines  with  the  iron,  while  tb« 
hydrogen  escapes  as  a  gas.  and  thus  the  tpeeific  identity  of  both  sub- 
stanoeH  is  destroyed.  Such  changes,  destructive  oi  xpecijic  idtniily,  are 
culled  ehtmieal  changes. 

S.  Pby«lcal  and  cbemlcal  propettiea  of  matter. — The  changea 
of  matter  juHt  noticed  correspond  to  its  physical  and  chemical  proper- 
ties. Gold  poHHeseea  certain  specific  properties,  depending  ixilely  on  ita 
physical  qualities ;  its  density,  lustre,  color,  form,  malleability,  and  it* 
high  point  of  fusion,  are  all  qualities  of  gold  whiuh  can  never  be  Itwt 
without  an  essential  change  of  its  nature,  and  are  therefore  termed 
physical  properties.  Exposed  hoirever  lo  the  action  of  chlorine  and 
ccrluin  other  agents,  gold  loses  its  specific  identity,  and  becomes,  as  it 
were,  a  nevr  substance,  while  the  same  change  passes  equally  upon  the 
agent  hy  who«e  efficiency  the  transmutation  is  effected.  Such  changea 
of  mittter.  invulving  ao  esseotial  loss  of  specific  identity,  depend  on  the 
chemical  properties  of  matter. 

9.  Fbyaioa  and  Chemlatiy. — It  is  plain  that  the  distinctions 
just  pointed  out  are  fundamental,  in  the  nature  of  things,  and  that  out 
of  ihein  spring  two  entirely  distinct,  although  nearly  related,  branches 
of  human  knowledge,  namely.  PiiVBics  and  CaEMismri  the  former  is 
more  frequently  called,  in  this  country.  Natural  PhUomphj/ ;  a  term 
tiHi  comprehensive  in  its  geocral  significance  for  an  exact  definition. 
Now  as  all  substances  possess  both  physical  and  chemical  properties, 
it  is  plain  that  n  thorough  knowledge  of  cither  branch  involves  scma 
rnmiliarlty  with  the  other.  Bat  the  natural  order  of  knowledge  oon- 
sisls  in  obtaining  first  a  familiarity  with  the  general  properties  and 
laws  of  matter,  and  subsequently  the  specific  properties.  Physical 
knowledge  therefore  naturally  precedes  chemical. 

10.  Vitality,  or  the  principle  of  life,  is  recognised  as  a  distinct 
force  in  nature,  controlling  both  physical  and  chemical  forces ;  by  ita 
action  inanimate  or  unorganiied  matter  is  transformed  into  animate 
and  organlicd  existences.     Thus,  out  of  air,  water,  and  a  few  mineral 
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loUetanceA,  all  living  forms,  both  animal  and  vegetable,  are  built  up 
by  the  chemistry  of  life.  After  a  life  of  definite  duration,  they  die, 
mod  their  structures  dissolve  again^  into  the  inanimate  bodies  out  of 
which  they  grew.  They  are  subject  to  the  general  laws  of  matter,  but 
these  laws  are  often  modified,  and  sometimes  directly  opposed  by  tlie 
action  of  that  unknown  power  which  we  call  the  priticipU  of  life.  The 
description  of  organized  bodies  constitutes  the  science  of  Natural 
History. 

IL  Light,  Heat,  and  Electricity  are  terms  employed  to  dis- 
tingaish  certain  phenomena,  or  forces  in  nature,  connected  with,  or 
growing  out  of  the  changes  of  matter,  physical  or  chemical,  or  both. 
They  are  supposed  by  most  physicists  to  be  dependent  on  the  existence 
of  certain  hypothetical  fluids,  or  on  the  vibrations  of  an  assumed 
ethereal  medium.  As  these  fluids,  or  forces,  are  without  weight  or 
other  sensible  properties  of  ordinary  matter,  they  are  termed,  by  many 
writers,  the  imponderable  agents,  ur  simply  imponderables.  What 
the  spirit  is  to  the  animal  body  the^e  mysterious  agents  are  to  lifeless 
matter. 


CHAPTER  IL 

GENERAL    PRINCIPLES. 
{ I.  Definitiona  and  General  Fropertiee  of  Blatter. 

I.    ESSENTIAL   PROPERTIES. 

12.  The  essential  properties  of  matter  are  (1)  magnitude,  or 
extension,  (2)  impenetrability.  We  cannot  conceive  of  matter  with- 
out magnitude,  and  it  is  equally  clear  that  the  space  occupied  by  any 
given  particle  of  matter  cannot,  at  the  same  time,  be  occupied  by  any 
other  particle. 

All  the  other  general  properties  of  matter,  however  universal  they 
may  be,  have  been  made  known  to  us  by  observation  and  experiment, 
and  are  not  essential  to  the  fundamental  notion  of  the  existence  of 
matter.  The  accessory  or  non-essential  properties  of  matter  are,  1, 
Di\i8i^ility,  2,  Compressibility,  3,  Expansibility,  4,  Porosity,  5,  Mo- 
bility, and,  6,  Inertia. 

13.  Ifacnitude  or  extension. — Extension  is  the  property  whioli 
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•very  body  possesses  of  occupying  a  portion  of  space.    The  amoant  of 
space  so  occupied  by  a  body  is  called  its  volume. 

Every  body  has  three  dimensions,  length,  breadth,  and  thickness, 
the  external  boundaries  of  which  are  surfaces  and  lines.  The  exact 
measurement  of  these  three  dimensions  is  the  foundation  of  all  exact 
knowledge  in  experimental  science,  and  demands  the  adoption  of  car* 
tain  arbitrary  units  of  comparison. 

14.  Impenetrability. — The  power  of  a  body  to  exclude  all  other 
bodies  from  the  space  occupied  by  itself  is  called  impenetrabilUy,  This 
property  is  possessed  by  all  forms  of  matter.  Air  may  be  compressed 
indefinitely,  perhaps,  but  the  mechanical  force  required  for  its  com- 
pression is  at  once  the  evidence  and  the  measure  of  its  impenetrability. 

A  stone  dropped  into  the  water  displaces  its  own  bulk  of  the  fluid, 
but  does  not  penetrate  its  particles.  A  nail  driven  into  a  board  only 
displaces  certain  particles  of  the  wood,  whose  resistance  or  elasticity 
imparts  to  the  nail  its  power  of  adhesion. 

The  union  of  these  two  properties,  extension  and  impenetrability 
gives  exactness  to  our  fundamental  notion  of  matter.  Neither  alone 
will  suffice  to  produce  a  body.  The  image  in  a  mirror  is  not  a  body, 
for  behind  the  mirror,  where  the  image  appears,  is  the  wall,  or  perhaps 
another  body.  The  shadow  of  any  object  in  the  sunlight  has  exten- 
sion,  but,  as  it  i^not  impenetrable,  it  is  not  a  body. 

15.  The  three  states  of  matter. — Matter  is  presented  to  our 
senses  in  three  unlike  physical  states,  viz.,  solids  liquid,  and  gcueoua. 
The  last  two  states  are  more  comprehensively  called  fluids.  These 
three  physical  conditions  of  matter  represent  the  opposite  action  of  the 
forces  of  attraction  and  repulsion.  But  as  these  interesting  relations, 
and  the  physical  laws  governing  them,  are  fully  discussed  under  their 
appropriate  heads,  it  is  needless  to  do  more  than  refer  to  them  here. 
(146.) 

II.    ENGLISH   AND   FRENCH   SYSTEMS  OF  MEASURES. 

16.  Units  of  measure. — In  order  to  determine  with  accuracj 
the  w^ume  of  solids  and  the  area  of  surfaces  or  the  length  of  lines, 
some  arbitrary  unit  of  extension  must  be  adopted.  Of  the  three 
geometric  degrees  of  extension  the  unit  of  length  is  the  only  one  which 
need  be  arbitrary,  since  by  squaring  it  we  may  measure  surfaces,  and 
by  cubing  it  we  can  measure  solids.  In  early  times  the  weight  of 
grains  of  wheat,  ("thirty-two  of  which,  from  the  midst  of  the  ear, 
were,  a.  d.  1266,  declared  to  be  equal  to  an  English  penny,  called  a 
sterling,'')  or  the  length  of  "barley  corns"  (three  to  an  inch)  gave  the 
rude  basis  of  legal  units  of  weight  and  measure  in  England,  and,  long 
after,  by  adoption  in  the  United  States. 
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17.  BngUsh  units  of  length. — The  yard  is  the  English  unit  of 
leDgth,  adopttfd  both  in  Great  Britain  and  America.  It  appears  to 
have  had  its  origin  about  a.  d.  1120,  in  the  reign  of  Henry  the  Firsts 
**  who  ordered  that  the  ulna,  or  ancient  ell  (which  corresponds  to  the 
modem  yard)  should  be  made  of  the  exact  length  of  his  own  arm,  and 
that  the  other  measnree  of  length  should  be  based  upon  it"  The  yard 
iff  divided  into  thirty-eiz  inches. 

In  1824  it  was  enacted  by  the  English  Parliament,  that  if  at  any 
time  the  standard  yard  should  be  lost,  defaced,  or  otherwise  injured,  it 
■honld  be  restored  by  making  a  new  standard  yard,  bearing  the  same 
proportion  to  a  pendulum  vibrating  seconds  of  mean  time  in  the  lati- 
tude of  London,  in  a  vacuum  and  at  the  level  of  the  sea,  as  36  inches 
bears  to  39.1393  inches,  the  latter  being  the  length  of  the  pendulum 
vibrating  seconds  at  London. 

In  1834  the  Parliament  House  was  destroyed  by  fire,  and  with  it  the 
standard  yard.  The  measurement  of  the  seconds'  pendulum,  as  given 
above,  was  subsequently  found  to  be  incorrect,  and  the  commissioners 
appointed  to  consider  the  steps  to  be  taken  to  restore  the  lost  standard, 
recommended  the  construction  of  four  standard  yards  from  the  best 
antbentioated  copies  of  the  old  standard.  These  duplicates  (a  copy  of 
which  exists  in  the  U.  S.  Mint)  are  the  basis  of  English  and  American 
standards  of  length. 

The  subdivisions  and  multiples  of  the  yard  are  given  in  Table  I.,  at 
the  end  of  this  volume. 

Nearly  all  the  English  units  of  surface  are  squares  whose  sides  are 
equal  to  the  units  of  length.  The  square  and  cubic  inch  are  the  units 
most  frequently  employed  for  scientific  purposes. 

The  measures  of  capacity  are  related  to  those  of  length,  by  the  deter- 
minatioD  that  a  gallon  contains  277.274  cubic  inches.  ({  101.) 

Where  volume  can  be  calculated  from  linear  measurements,  it  is 
usual  to  estimate  it  in  cubic  yards,  cubic  feet,  or  cubic  inches.  In  this 
way  earth-work  and  masonry  are  measured. 

18.  The  French  ayatem  of  meaanrea  originated  with  the  great 
revolution  in  France,  when  all  regard  for  ancient  institutions  was 
repudiated.  A  commission  of  the  members  of  the  Academy  of  Sciences 
was  appointed,  who  developed  a  decimal  system,  which  was  at  once 
adopted.  They  proposed  that  the  ten-millionth  part  of  the  quadrant 
of  a  meridian  of  the  globe  should  be  assumed  as  the  basis  of  a  new 
metrical  system.  This  was  called  a  metre,  and  subdivisions  and  mul- 
tiples of  this  unit  were  made  on  the  decimal  system.  The  metre  is 
equivalent  to  39.37079  English  inches,  or  39.3C850535  American 
tnehca.    Later  determinations  have  shown  that  the  length  of  the 
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sUndard  metre  is  not  precisely  the  one  ten-millionth  part  of  a  qiuut 
rant.  Thus  it  appears  that  the  metre  of  France  is  a  standard  of 
measure  not  less  arbitrary  than  the  English  yard. 

The  French  metre  is  subdivided  into  tenths,  called  decimetres;  hun- 
dredths, or  centimetres;  and  thousandths,  or  millimetres,*  The  names 
of  the  multiples  are  as  follows :  the  decametre,  ten  metres  ;  the  keci<h 
metre,  one  hundred  metres ;  and  the  kilometre,  one  thousand  metres. 
This  last  length  is  equal  to  about  two-thirds  of  an  English  mile,  and 
it  is  the  ordinary  road-measure  in  France. 

The  French  units  of  surface  are  squares,  whose  sides  are  equal  to 
)he  units  of  length.  The  common  French  measure  of  land  is  the 
square  decimetre,  which  is  called  an  are. 

The  measures  of  capacity  are  connected  with  those  of  length  by 
means  of  the  litre,  which  is  a  cubic  decimetre,  (or  a  cube  measurinjB; 
3.937  English  inches  on  the  side).  It  is  equal  to.  1.765  Imperial  pints, 
or  somewhat  more  than  1}  English  pints.     (See  Table  I.) 

The  cubic  metre  is  the  measure  of  bulky  articles,  and  has  received 
the  name  of  stere.  The  stere,  as  well  as  the  litre,  and  the  are,  have 
decimal  multiples  and  subdivisions,  named  like  those  of  the  metre. 

The  connection  of  the  system  of  weights  with  those  of  OApacity  and  length  ii 
explained  in  J  100. 

III.    ACCESSORY  PROPERTIES  OF  MATTER. 

19.  Divisibility. — ^By  mechanical  means  matter  may  be  reduced  to 
an  extreme  degree  of  comminution.  By  chemical  means,  and  the  pro- 
cesses of  life,  this  subdivision  is  carried  very  much  farther.  A  few 
illustrations  of  each  of  these  kinds  of  divisibility  will  suffice. 

Gold  is  beaten  into  leaves  so  thin  that  one  million  of  leaves  measure 
less  than  an  inch  in  thickness.  A  bar  of  silver  may  be  gilded,  and 
then  drawn  into  wire  so  fine  that  the  gold,  covering  a  foot  of  such 
thread,  weighs  less  than  ^^j^  of  a  grain.  An  inch  of  this  wire,  con- 
taining if7;.]^|j^  of  a  grain,  may  be  divided  into  100  equal  parts  dis- 
tinctly visible,  and  each  containing  if,'^(f{f,jfjfjf  of  a  grain  of  gold. 
Under  a  microscope  magnifying  500  times,  each  of  these  minute  pieces 
may  be  again  subdivided  500  times,  each  subdivision  having  to  the  eye 
the  same  apparent  magnitude  as  before,  and  the  gold  on  each,  with 
its  original  lustre,  color,  and  chemical  properties  unchanged,  repre- 
•«"*«  3.«?JC.rfuo.UUU  P*'*^  ^^  ^^^  original  quantity. 

Dr.  Wollaston,  by  a  very  ingenious  device,  obtained  platinum  wire 
for  the  micrometers  of  telescopes,  measuring  only  ^^Ij^q  of  an  inch  in 
diameter.     Though  platinum  is  nearly  the  heaviest  of  known  bodies,  a 

*  The  smaller  measares  ore  named  by  Latin,  the  larger  by  Greek  numbers. 
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mile  of  sach  wire  woald  weigh  only  a  grain,  and  150  strands  cf  it 
would  together  form  a  thread  only  as  Uiick  as  a  filament  of  raw  silk. 

A  grain  of  copper  dissoWed  in  nitric  acid,  to  which  is  afterwards 
added  water  of  ammonia,  will  give  a  decided  blue  color  to  392  cubic 
inches  of  water.  Now  each  cubic  inch  of  the  water  may  be  divided 
into  a  million  particles,  each  distinctly  Tisible  under  the  microscope, 
and  therefore  the  grain  of  copper  must  hare  been  divided  into  392 
million  parte. 

One  hundred  cubic  inches  of  a  solution  of  common  salt  will  be  ren- 
dered milky  by  a  cube  of  silver,  0001  of  an  inch  on  each  side,  dissolved 
in  nitric  acid,  and  the  magnitude  of  each  particle  of  silver  thus  repre- 
sents the  one-hundred  billionth  part  of  an  inch  in  sixe.  To  aid  the 
student  in  forming  an  adequate  conception  of  so  vast  a  number  as  a 
billion,  it  may  be  added  that  to  count  a  billion  from  a  clock  beating 
seconds,  would  require  31,688  years  continuous  counting,  day  and 
night. 

BCinate  dlTision  in  the  animal  and  vegetable  kingdoma. — The 
blood  of  animals  is  not  a  uniform  red  liquid,  as  it  appears  co  the  naked 
eye,  but  consists  of  a  transparent  colorless  fluid,  in  which  float  an  innu- 
merable multitude  of  red  corpuscles,  which,  in  animals  that  suckle  their 
young,  are  flat  circular  discs,  doubly  concave,  like  the  spectacle  glasses 
of  near-flighted  persons.  In  man,  the  diameter  of  these  corpuscles  is 
the  3500th  of  an  inch,  and  in  the  musk-deer,  only  the  12,000th  of  an 
inch,  and  therefore  a  drop  of  human  blood,  such  as  would  remain  su»- 
pended  from  the  point  of  a  cambric  needle,  will  contain  about  3,000.000 
of  corpuscles,  and  about  120,000,000  might  float  in  a  similar  drop  drawn 
from  the  musk-deer. 

But  these  instances  of  the  divisibility  of  matter  are  far  surpassed 
by  the  minuteness  of  animalcules,  for  whose  natural  history  we  are 
indebted  chiefly  to  the  researches  of  the  renowned  Prussian  naturalist^ 
Ehrenberg.  He  has  shovm  that  tbere  are  many  species  of  these  crea- 
tures, so  small  that  millions  together  would  not  equal  the  bulk  of  a 
grain  of  sand,  and  thousands  might  swim  at  once  through  the  eye  of  a 
needle.  These  infinitesimal  animals  are  as  well  adapted  to  life  as  the 
largest  beasts,  and  their  motions  display  all  the  phenomena  of  life, 
sense,  and  instinct.  Their  actions  are  not  fortuitous,  but  are  evidently 
governed  by  chmce,  and  directed  to  gratify  their  appetites  and  avoid 
the  dangers  of  their  miniature  world.  The  stagnant  waters  of  the 
farth  (and  sometimes  the  atmosphere)  everywhere  are  populous  with 
them,  to  an  extent  beyond  the  power  of  the  imagination  to  conceive 
their  numbers.  Their  silicious  skeletons  are  found  in  a  fossil  state, 
forming  the  enUre  mass  of  rocky  strata,  many  feet  in  thickness  and 
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hundreds  of  square  miles  in  extent.  The  polishing-slate  near  Bilm, 
in  Bohemia,  contains  in  every  cubic  inch  about  41,000  millions  of  thes* 
animals.  Since  a  cubic  inch  of  this  slate  weighs  220  grains,  there  must 
be  in  a  single  grain  187  millions  of  skeletons,  and  one  of  them  would, 
therefore,  weigh  about  the  one  187-millionth  of  a  grain.  The  city  of 
Richmond,  Ya.,  has  been  shown  by  Prof.  Bailey  to  rest  on  a  similar 
deposit  of  silicious  animalcules  of  exquisite  form.  It  is  impossible  to 
form  a  conception  of  the  minute  dimensions  of  these  organic  structures, 
and  yet  each  separate  organ  of  every  animalcule  is  a  compound  of 
several  organic  substances,  each  in  its  turn  comprising  numberless 
atoms  of  carbon,  oxygen,  and  hydrogen.  It  is  plain  from  these  exam* 
pies  that  the  actual  magnitude  of  the  ultimate  molecules  of  any  body 
is  something  completely  beyond  the  reach  equally  of  our  senses  to  per- 
ceive, or  of  our  intellects  to  comprehend. 

20.  Atoms,  Molecules. — The  ultimate  constitution  of  matter  has 
divided  the  opinions  of  philosophers  from  the  earliest  period  of  science. 
Two  hypotheses  have  prevailed  ;  the  one,  that  matter  is  composed  of 
irregular  particles  without  fixed  size  or  weight,  and  divisible  without 
limit ;  the  other,  that  **  matter  is  formed  of  solid,  massy,  impenetrable, 
movable  particles,  so  hard  as  never  to  wear  or  break  in  pieces''  (New- 
ton), and  which,  being  wholly  indivisible,  have  a  certain  definite  size, 
figure,  and  weight,  which  they  retain  unchangeably  through  all  their 
various  combinations.  These  ultimate  and  unchangeable  particles  are 
called  atoms  (meaning  that  which  cannot  be  subdivided). 

While  there  is  no  mathematical  objection  to  the  assumption  that 
matter  is  infinitely  divisible  (since  no  mass  can  be  conceived  of,  so  small 
that  it  cannot  be  mentally  subdivided),  physics  and  more  particularly 
chemistry  have  shown,  from  the  mutual  relations  of  bodies,  that  their 
constituent  particles  possess  definite  and  limited  magnitudes. 

The  term  molecule  (a  little  mass)  is  more  commonly  applied  to  what, 
in  chemistry,  are  sometimes  called  divisible  atoms ;  t.  «.,  to  a  group  of 
two  or  more  atoms,  e.  g.,  the  molecule  of  water  is  composed  of  at  least 
two  atoms,  one  of  hydrogen  and  one  of  oxygen,  forming  together  a 
chemical  compound.  The  phenomena  of  crystallization  show  us  that 
molecules  possess  different  properties  at  different  points  of  their  sur* 
faces.  While  their  form  is  unknown,  it  is  assumed  that  they  touch 
each  other  not  at  all,  or  only  at  a  few  points,  leaving  spaces  between 
them  which  bear  a  large  ratio  to  their  own  bulk.  From  this  fact  result 
the  two  general  properties  of  compressibility  and  expansibility,  which 
are  next  to  be  considered. 

21.  Compressibility. — Diminution  of  volume  in  solids,  by  mecha- 
nical means,  and  by  loss  of  heat,  is  a  fact  long  familiar  to  all  who  are 
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•oarorMnt  with  onoitmctionB.  Ereti  MlnmaB  of  stons,  »nd  orcfaM,  rap- 
portiog  ^CBTj  IihuIh,  ara  foand  to  dimiDish  KDsiblj  from  their  ori^DBl 
diowDsioDB  bj  preMDK  ftlooe.  Hetala  are  eomprecsed  bj  ooioing.  Id 
liquida  it  iru  loDg  beliered  there  was  no  compresBibility,  bnt  in  realitj 
UqDidi  poMOM  this  propertj  to  a  greater  extent  tbau  solids. 

1  Saxlon't  modillcaUon  of  Perkloe'a  original  ■ppuatna  hftm  to 

dsDonnnta  the  wmpniiibililj  of  water.  A  gtrang  mMjilllo  tm- 
mI,  C,  flg.  1,  il  Bll«d  with  waur,  and  dOMd  bj  a  clpH  AlUng 
•orev  pLn^,  B^  flg.  2  i  and  a  p«rf«ctL;  po1iih«d  d; KndTioal  piiton  of 
(ImI,  a,  pauaa  water-light  tfarongta  Iha  ileel  collu,  P.  Wban  tfaa 
rcsael  ia  tbui  prepued,  it  ie  plued  in  ■  larger  Teieel  capable  of 
widaring  great  preiiiare,  which  is  alio  Sited  with  water. 

Presnra  (a  any  eiieat  deiired  ii  then  applied  bj  means       1 

of  s  hjdrsalie    prua.     It  ia   evident   that  if  tbe   i 

BDdergoa*  dimiDDtion  of  Talame  when  subjected  to  ] 

fare,  the  pialon  A  mnet  be  forced  into  the  cjlinder 

ootreapanding  extent.    The  indei  T  haTing  been  placi 

I  •  of  the  icale  S,  if  it  it  fDond,  after  the  experiioent.  > 

I  that  paIn^  aa  in  flg.  2,  it  ia  eiidence  of  a  correapon 

•at  of  the  piilon,  dne  to  compreaiion   of  the  ■ 

I  eoDtainad  in  tbe  ejlinder  C.     Oa  remDiring  the  piei 

I  Wsl«r  ia  foand,  bj  this  eiperiment,  to  jield  ahont  fifty 

I  Billionlha  of  ila  Tolnme  for  eaeb  sttnoapbeTe  of  preaanre, 

.  w,f  for  a  preaaure  of  fifteen  pounds  to  a  square  inch. 

Id  air  and  all  gaaes  ire  see  the  propeiij  of  ci 
I  presaibilitj  Terj  upparent.     The  air  Byringe  ia 

;rDiDeDt  ia  tihich  e.  portion  of  air  ia  compreaaed 
bsfore  a  aolid  piston,  with  the  evolation  of  ao  much  heatas  to  set  ftr« 
to  tind«r. 

The  retam  of  gasea  and  liquida  to  their  original  bulk  on  removal  of 
the  oondeDiing  force  is  due  to  a  property  termed  datticUy.  Thia 
qoali^  eziata  in  many  aolids,  if  not  in  all,  and  its  ootisideratioD  will 


22.  Expanilblllty. — The  eipanaion  and  contractfon  of  all  bodies 
by  bant  and  cold  ia  a  fact  sufficiently  familiar.  tTpon  it  is  based  the 
Gonstruotion  of  all  instruments  for  reading  changes  of  temperature,  for 
a  description  of  which  tbs  reader  is  referred  to  the  chapter  on  heat. 

23.  Phyaioal  porea. — The  facte  connected  with  the  coinpreasibility 
of  matter,  and  its  change  of  form  by  beat,  indicate  clearly  that 
Ihe  atoms  of  matter  (assumed  to  be  unchangeable)  are  not  in  contact. 
The  spaces  existing  between  them  are  called  physkfd  portt,  on  the 
eiiatence  of  which  depends  the  property  of  poro-iily.  Many  chemical 
phenomena  illustrate  the  eiistcnce  of  this  property.  If  equal  measurea 
of  aleuhol  aud  water,  or  of  water  and  aulphuric  acid  are  miied,  thf 
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bulk  of  the  resulting  liquid  is  sensibly  less  than  the  sum  of  the  two 
liquids  before  they  were  mingled.  This  shrinkage  can  result  only  from 
the  insinuation  of  the  particles  of  one  substance  among  the  pores  of 
the  other. 

The  great  amount  of  heat  developed,  during  these  experiments,  is  a 
significant  fact.  These  molecular  or  physical  pores  of  bodies  are  no 
more  sensible  to  our  organs  than  the  atoms  themselves,  and  are  per- 
meable only  to  light,  heat,  and  electricity. 

24.  Senaible  pores. — It  is  important  to  distinguish  the  molecular 
porosity  just  described  from  those  sensible  openings  which  give  to  cer- 
tain substances  the  property  generally  known  as  porosity.  The  pores 
of  organic  bodies,  as  of  wood,  skin,  and  tissues,  are  only  capillary 
openings,  or  canals,  for  the  passage  of  fluids.  Nearly  all  animal  and 
vegetable  substances  present  these  sensible  pores.  The  familiar  pneu- 
matic experiment — the  mercurial  rain — is  an  illustration  of  the  porosity 
of  wood.  Many  minerals  and  rocks  are  porous.  Common  chalk  and 
clay  are  familiar  examples.  Hydrophane  is  a  kind  of  agate,  opaque 
when  dry,  but  translucent  when  wet  from  absorption  of  water.  Even 
gold,  and  other  metals,  under  great  pressure,  as  in  the  experiments  of 
the  Florentine  academicians  in  1661,  are  found  to  exude  water. 

25.  Mobility. — We  constantly  see  bodies  changing  their  place  by 
motion,  while  others  remain  in  a  state  of  rest.  The  capacity  of  change 
of  place,  or  of  being  set  in  motion,  constitutes  what  is  called  mobilily. 

We  recognize  motion  only  by  comparing  the  body  moving  with  some 
other  body  at  rest.  If  that  rest  is  real  then  the  motion  is  absolute,  but  if 
it  is  only  apparent  then  the  motion  is  only  relative.  Thus,  on  board  ship, 
or  on  a  rail  car,  the  passenger  appears  to  change  his  place  in  reference 
to  objects  about  him.  But  all  these  objects  are  equally  in  motion  with 
himself. 

All  motion  on  the  earth's  surface  is  relative,  because  the  globe  itself 
is  impelled  by  a  double  movement — of  revolution  on  its  own  axis,  and 
of  translation  about  the  sun. 

Rest  is  also  absolute  or  relative.  Absolute  when  the  body  occupies 
really  the  same  point  in  space— relative  when  it  preserves  the  same 
apparent  distance  from  surrounding  objects  regarded  as  fixed,  but 
which  are  not  in  reality  so.  A  ship  sailing  six  miles  an  hour  against 
d  current  of  the  same  velocity  appears  to  persons  on  her  deck  to  be 
advancing  with  reference  to  the  surrounding  waves ;  but,  viewed  from 
the  shore,  or  by  comparison  with  objects  on  shore,  she  appears  at  rest. 
Absolute  rest  is  of  course  unknown  on  the  earth,  since  every  terrestrial 
object  partakes  of  the  double  motion  already  noticed,  and  it  is  doubtful 
if  any  part  of  the  universe  is  in  absolute  rest,  seeing  that  the  sun 
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ileelf  with  the  whole  solar  ejetem  ie  carried  around  with  a  rapid  motion 
of  translation  in  space  about  a  central  sun. 

26.  Inoztia. — 'No  particle  of  matter  possesses  within  itself  the 
power  of  changing  its  existing  state  of  motion  or  rest.  Matter  has  no 
ip  mtaneoos  power  either  of  rest  or  motion,  but  is  equally  susceptible 
to  each,  according  as  it  may  be  acted  on  by  an  external  cause.  If  a 
body  ii  at  rest,  a  force  is  necessary  to  put  it  in  motion ;  and  conyersely, 
it  cannot  change  from  motion  to  rest  without  the  agency  of  some  force. 
A  body  ODce  put  in  motion  will  continue  that  motion  in  an  unchang- 
ing direction  with  unchanging  velocity  until  its  course  is  arrested  by 
external  causes.  This  passive  property  of  matter  is  called  inertia, 
Descartes  first  gave  definite  expression  to  this  law  iniiis  **  Principles." 

When  we  are  told  that  a  body  at  rest  will  for  ever  remain  so,  unless  it  receives 
•B  impolse  firom  some  external  power,  the  mind  at  once  assents  to  a  statement 
whioh  embodies  Uie  results  of  our  constant  experience.  But  it  requires  some 
reflection  in  one  who  for  the  first  time  considers  the  subject*  to  admit  that 
bodies  in  motion  will  continue  to  move  for  erer,  unless  arrested  by  external 
forces.  Casual  observation  seems  to  contradict  the  assertion.  On  the  earth's 
surface  we  know  of  no  motion  which  does  not  require  force  to  maintain  as  well 
as  produce  it 

We  may  observe,  however,  that  all  such  moving  bodies  meet  with  constant 
obstruction  firom  friction,  and  the  resistance  of  the  air ;  and  that  as  one  or  bott 
of  these  are  diminished,  the  motion  becomes  prolonged  and  continuous. 

The  familiar  apparatus  called  the  tnnd-mill  in  vacuo  is  a  good  illustration  of 
the  tendency  to  continued  motion  due  to  inertia — the  usual  causes  of  arrest  of 
motion  being  here  greatly  diminished. 

The  planets  ftimish  the  only  example  of  constant  motion.  These  celestial 
bodies,  removed  from  all  the  casual  resistances  and  obstructions  which  distuib 
our  experiments  at  the  earth's  surface,  roll  on  in  their  appointed  orbits  with 
Canltless  regul«rity,  and  preserve  unchanged  the  direction  and  velocity  of  the 
motion  which  they  received  at  their  creation. 

27.  Action  and  reaction. — It  follows  as  a  necessary  consequence 
of  the  inertia  of  matter,  that  when  a  body,  M,  in  motion  strikes 
another  body,  IT,  at  rest,  the  action  of  M  in  imparting  motion  to 
3r  is  exactly  equaled  by  the  power  of  M^  to  destroy  motion  in  M, 
Hence  the  law  that  action  and  reaction  are  always  equal  and  opptsiie. 
It  is  here  assumed  that  the  bodies  impinging  are  entirely  devoid  of 
f)lastioity,  and  so  related  that  after  collision  they  shall  move  on  at 
one  body.    It  is  also  true  for  elastic  bodies.    See  {  181. 

{  2.  Of  Motion  and  Force 

I.    MOTION. 

28.  Varietiea  of  motion. — We  distinguish  the  following  vanetiep 
in  the  motion  of  a  body. 

4» 
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a — A  motion  of  translation^  or  direct  motion^  in  which  all  the  puinti 
of  a  body  move  parallel  to  each  other. 

b — A  motion  of  rotation,  as  of  a  wheel,  on  an  axis,  where  the  dif* 
ferent  parte  of  a  body  move  at  the  same  time  in  different  directions. 
Oscillation  or  vibration^  as  in  a  pendulum,  is  only  a  particular  case  of 
rotation. 

0 — A  combination  of  translation  and  rotation,  as  in  the  motions  of 
the  earth. 

The  direction  of  motion  is  represented  by  a  straight  line  drawn  from 
the  point  where  motion  commences,  to  the  point  towards  which  the 
body  is  propelled.  The  direction  is  rectilinear ,  when  it  is  constantly 
the  same,  and  curvilinear,  when  it  varies  every  moment. 

29.  Time  and  velocity. — As  all  the  phenomena  of  nature  may 
be  referred  to  motion,  so  the  succession  of  natural  phenomena  gives 
as  the  idea  of  duration,  or  time.  Day  and  night,  months,  and  the 
order  of  the  seasons,  are  nature's  units  of  time;  but  in  physics  the 
invariable  unit  of  time  is  the  duration  of  a  single  oscillation  of  a  pen- 
dulum, called  a  seconds'  pendulum,  the  time  of  oscillation  being  a 
second.  The  length  of  such  a  pendulum  at  London  is  39*14056 
English  inches.  The  distance  passed  over  by  a  moving  body,  in  a 
unit  of  time,  is  its  velocity,  represented  by  V  in  physical  formulas. 
This  symbol  obviously  involves  both  time  and  velocity. 

30.  Uniform  motion. — A  body  moving  over  equal  spaces  in 
equal  times  is  said  to  have  uniform  motion.  It  follows  from  the 
property  of  inertia  that  a  body  in  motion,  if  leil  to  itself,  will  continue 
its  motion  uniformly  both  in  time  and  direction. 

Proposition  I.  The  distance  passed  over,  in  uniform  velocity,  is  pro- 
portioned to  the  time.  This  follows  directly  from .  the  definition  of 
velocity.  Denoting  by  D  the  distance  passed  over,  and  by  T  the  num- 
ber of  seconds,  we  have 

D  D 

D=VXT,       V=—,      andr---. 

The  first  expression  is  called  the  formula  for  uniform  motion,  and 
the  two  others  serve  to  calculate  the  velocity,  the  distance  and  time 
being  known  ;  or  the  time,  the  distance  and  velocity  being  given. 

It  follows  that  if  we  represent  T  by  one  of  the  longer  sides  (A  B)  of 
a  parallelogram,  A  B  C  D,  fig.  3,  and   V  by  one  of  3 

the  shorter  sides  (B  C)  of  the  same  parallelogram,  ^ 
then  the  area  of  the  parallelogram  A  B  C  D  represents 
the  distance  passed  over  by  a  moving  body  in  the  num- 
ber of  seconds  denoted  by  T. 

31.  Variable  motion. — In  varying  motion  the  distances  passed 
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e  nneqaal.  lo  this  eu«,  th«  Ttloeitj  at 
may  girea  inaUot,  m  th«  reUtioD  belweeo  the  diitance  trcTened  aod 
Itw  tinM,  eonaiderlng  the  time  infinitely  unklt ;  or  the  diituiM  that 
would  he  listened  in  •  unit  of  time,  sappoaing  the  motion  at  the  prm 
iiHtant  to  b«  eoatiDned  oniform  fur  the  nnit  of  time. 

32.  KoUon  anifonnlj  vailad.— When  the  Telocitj  of  a  bodj 
ncRaaea  bj  ft  eoottant  qnantitj  io  a  pren  time,  it  i«  nid  to  b«  «■»• 
firwUf  aiittUraUd.  The  increaM  of  relocitj  in  a  Mcond  ia  called  its 
«eetl»vtiim,  which  will  be  rapreaented  bj  v.  Uni/ormly  retarded 
wuHmtJB  whore  tb«  retocitj  of  the  hodj  diminiahea  bj  a  tuiifunn 
qiuntitj  in  each  second  of  time. 

PiorwtTM*!  II.  The  ekange  of  nAxitg  in  untfomtlg  earying  mutton, 
at  tht  emd  of  any  girrn  limr,  it  proportional  io  thai  time. 

Let  >  be  the  initial  vrioci^,  that  it,  tbe  Telocitj  at  the  lostaat  fron 
which  tbe  time  it  computed,  v  the  acceleratioD  and  F*the  relodtj  at 
tbe  eod  of  (  Mcondt,  then  T^  "i.'f-  The  lign  -f-  oorreeponda  to  the 
caae  of  oDlformlj  accelerated  motion,  and  tbe  ligo  —  to  that  of  oni- 
Ibrmlj  retarded  motion.  In  the  last  case  the  Telocitj  becvmes  nail 
wbeo  %:=tit,  that  U  at  tbe  end  of  a  number  of  leconds  represented 
bj  ;.  The  abore  fomola  in  fact  inTolrea  this  propoeition.  If  we 
theo  make  >  ='  0,  that  ii,  if  it  be  aaeumed  that  the  motion  itarte 
from  a  state  of  repose,  we  shall  bare  it  the  end  of  the  time  t,  V^  tt. 
This  ia  what  we  aiiBonnoed  in  slating  that  the  relocitj  acquired,  at  the 
end  of  a  given  time,  is  proportional  to  that  time. 

PloPoainoN  III.  In  uniformly  aaxlerattd  motion  the  dittaneeM  patted 
oaer,  by  a  body  ttarixng  from  a  ttaU  of  rest,  are  proportional  to  Ike 
tqiuxrtt  of  Ike  timet  employed. 

Beprcfeoting  the  time  bj  the  line  A  B,  fig.  4,  and  the  Tebcitj  at 
the  end  of  the  ^tcd  time  bj  the  line  B  C, 
divide  tbe  time  A  B   iota  ratoute  eqnal 

parts,  A-I,  1-^2-3,  3-1 

Tbe  lelodtiee  acquired  daring  Uie  ti 
represented  bj  A  I,  A  2,  A  3,  A  4.  « 
rtpteeented  1^  tbe  lengths  of  the  s 

line*,  la.  26,  3e,  Ad, 

•re  proportioned  to  these  times.     Suppose,  howerer,  that  during  each 

minute  portion  of  time  A-l,  1-2.  2-3,  3-4 ,  the  relocitj  is  cin- 

•tanl,  and  ei)ual  to  that  attained  at  the  end  of  each  ioterral ;  the  motioK 
being  uniform,  the  distances  paitsed  over  during  these  seierat  Hub- 
Jirisions  of  time  will  be  represented  (30)  bj  the  areas  of  the  parallelo- 

grams  la',2b',3&', ,  and  the  distance  pa«eed  OTer  at  the 

«Dd  uT  tbe  timr  A  B,  bj  lb«  ram  of  these  panllelogranu.    TUa  ana 
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differs  from  the  area  of  the  triaofgle  A  B  C  by  all  thai  paBsai!  the  liii« 
A  0.  It  is  evident  that  if  the  time  A  B  had  been  divided  into  a  larger 
number  (say  double)  of  equal  parts,  the  sum  of  the  parallelograms 
would  have  been  less  in  excess  of  the  triangle.  The  diminution  is 
indicated  by  the  areas  shaded  in  the  figure.  In  proportion  therefore 
as  the  subdivisions  of  the  time  A  B  are  more  numerous,  the  sum  of 
the  parallelograms  will  differ  less  from  the  area  of  the  triangle  ABC. 
Finally,  when  the  number  of  divisions  becomes  infinite,  that  is,  when 
the  velocity  varies  in  a  uniform  manner,  the  distance  passed  over 
during  the  time  A  B  will  be  represented  by  the  surface  of  the^angle 
ABC. 

But  that  area  =  }  A  B  X  B  C.  Substituting  AB  =  (,BC=r, 
and  recalling  the  value  of  F  =  vt^  we  have  for  the  distance  passed 
over  I>  =  }ABXBC  or  D  =  i  vfi,  h  formula  involving  the  propo. 
sition  stated  above.  This  elegant  demonstration  is  due  to  Galileo,  who 
discovered  the  laws  of  uniformly  varying  motion. 

CoROLLiRiBs.  1st,  The  last  formula  shows  that  the  distance  passed 
over,  in  uniformly  accelerated  motion,  by  a  body  which  starts  from  a 
state  of  repose,  is  equal  to  the  distance  it  would  pass  over  with  a  uni- 
form mean  velocity.  2d.  It  follows  also,  from  the  same  formula,  if  we 
represent  by  a  the  distance  through  which  a  body  moves  in  the  first 
second,  we  can  easily  find  the  following  values  for  the  distances  it  will 
move  through  during  each  succeeding  second,  and  also  the  whole  dis- 
tance it  will  have  passed  through  at  the  end  of  each  second. 

Times,  1  2  3  4  5  » 

Successive  distances,      a  Za        5a        7a        9a      (2ii-l)a 

Whole  distances,  a         4a        9a       I6a       25a       n^a. 

The  coefficients  in  the  last  series  are  as  the  squares  of  the  times,  while 
those  in  the  second  series  are  as  the  odd  numbers,  and  are  deduced 
from  the  last  series  by  subtracting  from  each  of  its  terms  the  one 
next  preceding  it.  Zd.  The  distance  passed  over  during  a  given  time, 
in  uniformly  accelerated  motion,  is  equal  to  one  half  the  distance  which 
would  be  traversed  during  the  same  time  by  a  uniform  motion,  with 
the  velocity  acquired  at  the  end  of  the  given  time ;  that  is,  the  velocity 
at  the  end  of  the  time  i  is  equal  to  vt,  and  the  distance  which  it 
traverses  during  the  time  t  is  }r^,  according  to  the  formula.  4/A. 
To  determine  the  velocity  acquired  in  terms  of  the  distance  passed 
over,  it  is  necessary  to  eliminate  t  from  the  equations  V=vi  and 
I)  =  Jo/',  which  gives  F=  |/2  v  D. 

The  velocity  is  said  to  be  due  to  the  distance,  (D,)  sua  expression 
which  should  not  be  literally  interpreted. 

33.  Compound  motion. — A  body  moving  along  a  right  line  may 
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|i«riake  of  two  or  more  motioos,  in  which  ease  its  path  will  be  ihe 
leenlUuil  of  the  combination  of  these  motions.  Such  a  motion  is  called 
a  compound  modioli.  Daily  observation  confirms  this  statement,  which 
will  be  suflSciently  illostrated  when  we  consider  the  results  of  com- 
pound/orees. 

Si.  Paxallelogram  of  TOlocitiea. — The  eompofition  and  resolation  of 
▼•loeitiM  will  be  laore  raadily  explained  and  illai trated  when  considering  lb« 
Ibrets  hk  whieb  motion  has  its  origin,  as  thej  follow  the  same  laws. 

II.  or  roRcn. 

85.  Dsflnitton  of  force. — hjforeet  as  used  in  mechanics,  we  mean* 
anj  eaose  producing,  or  modifying  motion.  All  known  forces,  under 
this  definition,  bare  their  origin  in  three  causes ;  namely,  Ist,  gravi- 
iaHon^  or  the  mutual  attraction  of  bodies  for  each  other;  2d,  the 
unknown  cause  of  the  phenomena  of  light,  heat,  and  eUetrieiiy ;  and 
3d,  life^  or  the  mysterious  agency  producing  the  motions  of  animals. 

The  study  of  forces  and  their  effects  constitutes  the  science  of 
meehanicM, 

36.  Foroee  are  definite  quantities. — As  we  readily  conceive  of 
one  fbree  as  greater  than  another,  so  we  understand  that  forces  are 
equal  when,  operating  in  opposite  directions,  they  mutually  balance 
each  and  produce  equilibrium.  The  same  may  be  true  of  the  action 
of  two,  three,  or  more  equal  forces,  forming,  by  their  union,  double, 
triple,  or  any  higher  combination  of  force. 

To  determine  a  force  with  precision  we  must  consider  three  things : 
1st,  the  point  of  appUcation;  2d,  the  direction;  3d,  the  inlauiiy,  or 
energy  with  which  the  force  acts. 

It  is  osual  to  represent  forces,  like  other  magnitudes,  by  lines  of 
definite  lengths.  Any  line  may  be  chosen  as  the  unit  of  force.  The 
direction  of  a  line  will  then  represent  the  direction  of  the  force,  starting 
from  the  point  of  application ;  and  its  length  will  represent  the  magni- 
tude, or  inUnnty,  of  the  force»  expressed  by  the  number  of  times  that 
it  oontains  the  unit  of  force.  A  force  is  therefore  defined  in  each  of 
Its  three  elements  by  a  line,  being  thus  brought  within  the  limits 
of  number,  geometry,  and  mathematical  analysis. 

37.  "Weight;  Unit  of  Force;  Dynamometers. — ^Where  a  body 
is  left  free  to  the  action  of  gravity,  but  is  held  immovably  by  some 
ebetacle,  the  pressure  or  tension  which  it  exerts  on  the  point  of  support 
is  called  its  wdghL  It  is  important  to  distinguish  carefully  between 
the  words  wdglU  and  gramty.  The  latter  signifies  the  general  cause 
whioh  produces  the  fall  of  all  bodies  to  the  earth,  while  the  former 


Id 
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means  only  the  result  of  the  action  of  that  general  oaose  in  the  oaat 
of  a  particular  body. 

The  common  unit  of  force  is  the  pound  avoirdupois. 

The  weight  of  a  body  may  be  rendered  sensible  by  the  use  of  an 
instrument  called  a  dynamometer,  or  measurer  of  force. 

One  of  the  most  simple  of  these  is  represented  in  flg.  6 ;  it  6 

oonsists  of  a  steel  spring,  a  C  b.  The  metallic  arc  a  d  u  fixed 
near  the  end  of  the  limb  C  a,  and  passes  freelj  through  an 
opening  in  the  other  limb.  The  graduated  arc  b  e,  is  fixed,  in 
like  manner,  in  the  limb  C  b.  The  amount  of  the  force  ex- 
erted at  the  points  e  and  d,  determines  the  degree  to  which 
£tie  two  limbs  will  approach,  and  is  represented  on  the  gradu- 
ated arc  in  pounds  and  ounces,  the  graduation  of  the  arc 
being  the  result  of  actual  trial,  by  hanging  known  weights 
upon  the  hook,  and  observing  the  positions  marked  by  the 
index. 

Many  forms  of  dynamometer  exist,  of  which  the  spring  balance,  or 
Le  Roy's  dynamometer,  is  the  most  familiar. 

Le  Roy's  dynamometer,  or  spring  balance,  fig.  6,  consists  of  a  steel 
spring,  coiled  within   a  cylin-  ^ 

drical  tube.    The  end  n  of  the 
spring  is  attached  to  a  rod  of ' 


metal,  graduated  in  pounds  and  ounces,  which  is  drawn  out  more, 
the  applied  force,  6,  is  greater. 

Reynier's  dynamometer,  fig.  7,  consists  of  a  steel  spring,  man  6, 
of  which  the  part  a  and  h  ap-  7 

proach  each  other,  when  a  force 
is  exerted  at  the  points  m  and  n. 
An  arc  graduated  in  lbs.  is  at- 
tached to  the  spring  at  the  point 
a,  and  carries  a  needle,  r  o, 
worked  by  a  lever,  e.  The  posi- 
tion of  this  needle  upon  the  arc, 
indicates  the  amount  of  the  force 
exerted.  If  it  is  wished  to  de- 
termine the  strength  or  force 
exerted  by  any  animal  or  machine,  as  the  strength  exerted  by  a  horse 
in  drawing  a  plow  through  the  ground,  it  is  only  necessary  to  attach 
one  end  of  the  instrument,  as  n,  to  the  plow,  and  have  the  horse 
attached  to  the  other  end,  in.  The  degree  which  is  marked  by  the 
pointer,  when  the  horse  moves,  represents  in  lbs.  the  force  exerted. 

Another  dynamometer  is  often  used,  similar  in  oonstractioii  to  the 
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iMt,  only  that  the  fbree  is  exerted  at  the  ftoints  a  and  b,  fig.  7,  which 
are  made  to  approach  bj  a  contrivance  similar  to  that  shown  in  fig.  5. 

It  is  evident  that,  in  this  last  arrangement,  the  force  is  applied  in  the 
most  favorable  position  for  producing  the  maximam  effect  in  collapsing 
the  spring ;  while  in  Reynier's  dynamometer,  the  force  is  applied  where 
only  the  minimom  effeet  is  prodaced,  and  the  instrument  is  therefore 
generally  employed  for  determining  only  very  considerable  forces. 

38.  Eqnilibriiim.— When  all  the  forces  acting  on  a  body  are  mu* 
tt  ally  counterbalanced,  or  neutralised,  they,  and  the  body  on  which 
they  act,  are  said  be  in  equilibrium.  The  word  repage  and  equHUfrimm 
are  to  be  carefully  distinguished,  however,  as  signifying  difierent  con- 
ditions of  a  body.  Repose  implies  simply  a  state  of  rest,  without 
involving  any  idea  of  motion.  Equilibrium  signifies  the  state  of  a  body 
which,  submitted  to  action  of  any  number  of  forces,  is  still  in  the  same 
eooditioo  as  if  these  forces  did  not  act.  By  the  definition  of  inertia 
^26)  a  body  may  be  in  motion  without  being  submitted  to  the  acUon 
of  any  force,  and  it  may  even  continue  its  motion  undisturbed,  akhough 
b  becomes  subject  to  forces  producing  equilibrium,  since  such  forces 
mutually  neutralise  each  other.  Equilibrium  does  not  therefore  include 
the  idea  of  immobility,  and  thus  the  words  repose  and  equilibrium  have 
signifiimtioDS  essentially  unlike. 

Equilibrium  may  exist  without  any  point  of  support  or  apparent 
resistance.  A  balloon  in  the  air,  or  a  fish  in  the  water,  are  examples, 
but  the  balloon  and  fish  are  balanced  by  counteracting  forces  hereafter 
explained.  What  are  familiarly  known  as  examples  of  stable  or  unsta- 
ble equilibrium  are  only  special  cases  of  the  action  of  the  force  of 
gravity,  to  be  explained  in  their  proper  place. 

39.  Statical  and  Dynamical  forces. — Siatiet  is  the  science  of 
equilibrium.  It  considers  the  relations  existing  between  the  three 
conditions  (36),  which  are  involved  in  the  case  of  every  force,  in  order 
that  equilibrium  may  result.  Archimedes  was  the  author  of  this  portion 
of  mechanical  science. 

DymamieM  considers  the  motions  which  forces  produce.  The  founda- 
tions of  this  part  of  mechanical  science  were  laid  by  Galileo  in  the 
early  pari  of  the  sevent^nth  century. 

Hffdnttiaiiet  and  H}fdrodynamie9  are  the  principles  of  statics  and 
dynamics  applied  to  the  phenomena  of  rest  and  motion  in  fluids. 

The  distinction  between  statics  and  dynamics  is  so  far  artificial  that 
the  same  force  may,  according  to  circumstances,  produce  either  pres- 
sure or  motion,  vrithout  any  change  in  the  nature  of  the  force. 

40.  Direction  of  force. — It  is  self-evident  that  the  direction  in 
which  a  force  is  applied  most  determine  Uk*  direction  in  which  the 
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body  receiying  the  force  will  move,  if  modon  results,  or  of  the  resultr 
iDg  pressure,  if  the  body  is  not  free  to  move. 

Moreover,  the  action  ofa/oree  upon  a  body  is  independent  of  iie  staU 
of  rtst  or  motion.  Daily  experience  and  observation  oonfirm  this  state- 
ment, which  is  also  susceptible  of  experimental  proof. 

It  follows :  Ist  That  if  two  or  more  forces  act  upon  a  body  at  the  same 
lime,  each  of  these  forces  produces  the  same  effect  as  if  it  acted  alone, 
since  the  effect  which  each  produces  is  not  dependent  upon  any  motion 
which  the  others  are  capable  of  producing  in  the  same  body. 

2d.  Therefore,  a  body  under  the  influence  of  a  force,  constant  both 
in  direction  and  intensity,  moves  with  a  constantly  accelerated  velocity; 
for  as  in  each  second  the  variation  of  velocity,  9,  is  the  same,  in  i 
seconds  it  will  be  =  t^  ;  i.  e.,  at  the  end  of  2  seconds  it  will  be  29,  of 
3  seconds  3o,  and  so  on.  In  other  words,  it  is  proportional  to  the  time. 
Reciprocally,  3d.  A  body  moving  in  a  right  line  with  a  uniform  accel^ 
ration  is  actuated  by  a  force  of  constant  intensity  acting  in  the  direction 
of  its  motion. 

41.  Measure  of  forces.  Mass. — In  mechanics  forces  are  asnally 
measured  by  their  effects  rather  than  by  weight  The  effects  of  a  force 
depend,  other  things  being  equal,  on  the  meus  of  the  body  acted  on. 

The  mass  of  a  body  is  the  quantity  of  matter  the  body  contains,  and 
is  proportional,  in  the  same  substance,  to  the  number  of  its  molecules. 
Mcuses  are  equal  when,  after  receiving  for  an  equal  time  the  impulse  of 
an  equal  and  constant  force,  they  acquire  equal  velocities. 

Since  we  know  forces  only  by  their  effects,  that  is  by  the  amount  of 
motion  or  pressure  they  produce,  let  us  look  for  a  just  measure  of  any 
given  force  in  the  amount  of  motion  which  it  causes.  The  following 
four  propositions  will  render  this  subject  clear. 

42.  Propositions  in  regard  to  forces. — Proposition  I.  Two  conr 
stani  forces  are  to  each  other  as  the  masses  to  which  in  equal  times  ikep 
impart  equal  velocities. 

Coniider,  for  example,  n  equal  foroes /,/,/,  parallel  to  eaob  other,  aoting  upon 
n  equal  masses  m,  m,  m.  These  masses  reoeive  equal  veloeitiee,  and  oonse* 
qnently  preserve  the  same  relative  positions,  and  we  readily  conceive  of  them, 
therefore,  as  bound  together  to  form  one  mass  equal  to  n  X  m*  This  eompomid 
mass  (n  X  ***)>  ^°  order  that  it  maj  possess  the  same  velocity,  o,  which  any 
single  mass,  m,  receives  from/,  must  be  acted  on  by  the  force  n  X/* 

Proposition  II.  Two  constant  forces  are  to  each  other  as  the  vetoeiOea 
which  they  impress,  during  the  safne  time,  upon  two  equal  masses. 

Suppose  two  forces  F  and  P  to  he  commensurable,  and  let  /  he  their  oommoa 
measure,  so  that  F  ■=z  nl  and  F*  =  n'l.  Represent  also  by  «  the  velocity 
vhioh  the  force  I  imparts  at  the  end  of  a  given  time  to  the  common  mass. 
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<brM  nl  will  impftri  to  this  mass  the  Telocity  V=nw,  tinee  each  foree  eqiuC 
10  I  acts  as  if  it  were  alone ;  in  like  manner  the  force  m'l  wi'i  impart  the  velo* 
tatj    V*  =  n'm   to    the   same    mass.     Thence   follows    this   proportion, 

ml  :  m'l  =mu:  n'M,  or  F:  F*  =  V:  V  which  was  to  be  proved. 

If  the  forces  compared  are  not  3ommensarable,  we  must  take  I  infinitelj  smalL 

Pboposition  III.  Two  constant  forces  are  to  each  other  <u  the  products 
of  the  masses  hy  the  vdoeUies  which  they  impart  to  these  masses  in  the 
mime  time, 

l«et  F  F*  be  two  forces  acting  on  the  two  masses  if  M',  and  imparting  to  them, 
at  Uie  end  of  the  same  time,  the  relocities  Fand  P ;  also  consider /another  forca 
able  to  impart  to  the  mass  Mf  in  the  same  time,  the  relocitj  V ;  comparing  the 
forces  F  and/,  which  in  the  given  time  impart  to  equal  masses  M  M  unequal  relo^ 
cities  Fand  P,  it  follows  from  Proposition  XL  that/"  :/=  F:  V*. 

Comparing  the  forces/and  /*,  which  impart  to  unequal  masses  if  and  M*  equal 
velocities  F  and  T,  it  follows  from  Proposition  I.  that :— / :  F*  =  Mx  M', 

Multiplying  the  two  propositions  term  by  term  we  have  F:  F*  =^  MV:  IT  V, 
which  was  to  be  proved. 

From  these  principles  it  follows,  that  the  measure  of  any  force  is 
obtained  by  selecting  some  unit  of  force  to  serve  as  a  term  of  compari- 
son for  all  other  forces ;  such  a  force  acting  on  a  unit  of  mass,  daring 
one  seoond  (the  unit  of  time),  should  impart  to  it  a  velocity  or  accele- 
ration of  one  foot,  one  yard,  one  metre,  or  any  other  arbitrary  measure, 
as  one  foot  per  second,  which  latter  measure  we  adopt. 

By  proposition  second  we  can  then  find  the  relation  that  any  force  F,  acting 
an  a  mass  of  matter  during  one  second,  will  bear  to  the  unit  of  force.  For  if 
F*  is  the  unit  of  force  in  the  proportion  F  '.  F*  =  MV :  M'V,  then,  by  the  deil- 
nition,  both  3i*  and  P  are  equal  to  unity,  and  we  have  F  =^  MV.  That  is, 
according  to  the  definition,  F  contains  the  unit  of  force  as  many  times  as  there 
are  units  in  the  product  of  the  number  M  into  the  number  V.  Assume,  for 
example,  that  the  mass  moved  is  equal  to  six  units  of  mass,  and  the  acceleration 
V  in  a  unit  of  time  is  equal  to  ten  feet,  then  the  intensity  of  the  force  is  equal 
to  sixty,  «'.  e.,  sixty  times  the  unit  of  force.     Hence  we  deduce  the  following : — 

Proposition  IV.  The  measure  of  a  force  is  the  product  of  the  mass 
moved  by  the  acceleraiion,  or  velocity ^  imparted  in  a  unit  of  lime.* 

43.  Momentam. — The  momentum  of  a  moving  body  is  its  amount 
of  motion,  or  its  tendency  to  continue  in  motion.  The  momentum  of 
a  body  is  equal  to  its  mass  multiplied  by  its  velocity.  When  a  force 
acts  upon  a  body,  free  to  move,  it  produces  its  effect  as  soon  as  motion 
is  diffused  among  all  the  molecules,  and  the  force  is  then  transferred 
into  the  substance  of  the  moving  body.    In  consequence  of  the  inertia 


*  In  all  the  propositions  relating  to  velocity  as  a  measure  of  force,  there  is 
supposed  to  be  no  resistance  to  motion ;  the  force  acting  only  to  overcome  tha 
inartia  of  the  body. 
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of  matter  (26),  if  the  moving  body  should  meet  no  resistance,  it  would 
continue  to  move  with  the  same  velocity,  and  in  the  same  direction, 
for  ever. 

The  expression  Mv  represents  the  intensity  of  the  force  which  has 
set  the  body  in  motion,  and  if  F represents  the  amount  of  force  that  is 
at  any  time  accumulated  and  retained  by  the  inertia  of  the  moving 
body.  In  either  case  the  moving  body  is  supposed  to  encounter  no 
resistance  from  any  other  object. 

It  if  a  fandamental  principle  in  mechanicg  that  the  same  force  acting  apcn 
different  bodies  in  similar  circumstances  imparts  velocities  ;n  the  inverse  ratio 
of  their  quantities  of  matter.  If  the  same  fqrce,  in  the  absence  of  resistance, 
fuccessively  projected  balls  whose  masses  were  as  the  numbers  1,  2,  3,  Ac,  it 
would  impart  to  them  the  yelocities  1,  },  ^,  kc.^  so  that  a  mass  ten  times 
greater  would  acquire  a  velocity  of  only    i  .     The  product  of  each  of  these 

masses  into  its  velocity  is  the  same,  for  I  X  I  =  1,  2  X  J  =  1,  Ac. 

When  a  moving  body  encounters  resistance,  depending  not  only  upon  inertia, 
but  also  upon  other  properties  of  matter,  the  effects  produced  depend  upon  the 
rapidity  with  which  the  force,  expressed  by  momentum,  is  brought  to  act  upon 
the  opposing  body.  This  class  of  effects  is,  therefore,  proportioned  to  momen- 
tum, multiplied  by  velocity.  This  product  MV^  is  called  vxm  viva,  the  applica- 
tion of  which  to  practical  mechanics  will  be  explained  hereafter  (111).  By  the 
principle  that  action  and  reaction  are  equal  (27),  we  know  that  when  a  musket 
is  discharged  the  force  of  the  explosion  reacts  upon  the  musket  with  the  same 
intensity  as  it  projects  the  ball.  According  to  the  principles  of  momentum,  the 
weight  of  the  gun,  multiplied  by  the  velocity  of  the  recoil,  must  be  equal  to 
the  weight  of  the  ball,  multiplied  by  the  velocity  of  its  projection,  yet  the  recoil 
of  the  gun  is  received  by  the  sportsmen  with  perfect  impunity,  while  the  moving 
ball  deals  death  or  destruction  to  opposing  objects. 

III.    COMPOSITION  OF  FORCES. 

44.  System  of  forces.  Components  and  resultant. — Whatever 
may  be  the  number  and  direction  of  forces  acting  upon  one  point,  they 
can  impart  motion  or  pressure  in  only  one  direction.  We  therefore 
assume,  that  there  is  a  single  force  which  can  produce  the  same  action 
as  tlie  system  of  forces,  and  may  replace  them.  This  is  called  the 
resultant^  and  the  forces  to  whose  effect  it  is  equivalent,  are  termed  the 
components.  The  components  and  resultant  may  be  interchanged 
without  changing  the  condition  of  the  body  acted  on,  or  the  mechanical 
effect  of  the  forces  themselves. 

A  force  is  therefore  mechanically  equivalent  to  the  sum  of  its  com- 
ponents. On  the  other  hand,  any  number  of  forces  are  mechanically 
equivalent  to  their  resultant.  As  we  know  forces  only  by  their  effects 
in  producing  motion  or  pressure,  any  forces  which  produce  equal 
motions  or  pressures  are  equal.  We  shall  proceed  to  illustrate  this 
proposition  in  a  few  particular  cases. 

45.  The  parallelogram  of  forces. — It  has  already  been  stated  that 
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forees  msj  be  represented  by  lines,  both  in  direction  and  intensity ; 
also,  that  two  forces  acting  .on  the  same  or  equal  masses  of  matter, 
are  to  each  other  as  their  yelocities,  or  F'  :  F^'  =  V  :  V'\  The  same 
principles  will  therefore  apply  to  the  combinations  of  forces  that  apply 
to  the  combinations  of  velocities  or  of  motions. 

When  sereral  forces  act  on  a  body,  they  may  be  arranged  in  three 
ways,  according  to  their  direction.     The  forces  may  act, 

1.  All  in  one  direction ; 

2.  In  exactly  opposite  directions ;  or 

3.  At  some  angle. 

In  the  first  case,  the  resultant  is  the  sum  of  all  the  forces,  and  the 
direetion  is  unaltered.  In  the  second,  the  resultant  is  the  difference 
of  the  forces,  and  takes  the  direction  of  the  greater.  If  opposite  forces 
are  equal,  the  resultant  is  nothing,  and  no  motion  is  pniduced.  In  the 
third  case,  a  resultant  is  found  to  two  forces,  whether  equal  or  unequal, 
by  the  parallelogram  of  forces,  according  to  the  following  law.  By 
amy  number  offoree»  acting  tagdher  for  a  given  time,  a  body  is  brought 
to  the  Mame  place  as  if  each  of  the  forces,  or  one  equal  and  parallel  to  iL 
had  acted  on  the  body  separately  and  successively  for  an  equal  time. 

Suppose  two  forces,  at  right  angles  to  each  other,  act  simultaneously 
on  the  point  a,  fig.  8,  one  in  the  direction  ax,  8 

and  the  other  in  the  direction  a  y.  Let  one  ^. 
force  be  such  that,  in  a  giyen  time,  as  a  second, 
it  will  move  the  point  from  a  to  6,  while  the 
other  will,  in  the  same  time,  move  it  from  a  to 
c,  then  by  the  joint  action  of  both  forces  it  will 
be  impelled  to  r  in  the  same  time.  The  first 
force,  by  its  separate  action,  would  impel  the 
body  to  6  in  one  second,  and  if  it  were  then  to  cease,  the  second  force, 
or  one  equal  and  parallel  to  it,  would  impel  the  body  to  r  in  the  same 
time ;  or  the  body  might  be  carried  from  a  to  c,  and  from  c  to  r ;  in 
either  case  the  result  is  the  same. 


1 


/ 


y 


y 


y 
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If  a6  =  jr,  ac=  F,  and  ar  =  J?,  then  R  =  i/'jr-\-  m.    If  we  call 
theanglera6  =  a     cw.a  =  ~,     andsin.a  =  -^. 


Again,  suppose  the  forces  act  at  an  oblique  angle ;  let  the  point  P, 
fi)?.  9.  be  acted  on  by  two  forces  in  the  directions  P  A  and  P  B.  On 
P  A,  measure  Pa,  containing  as  many  units  of  length  as  the  force  A 
contains  units  of  force;  and  on  P  B  take  P  6  in  the  same  manner. 
Complete  the  parallelogram  P  a  c  6  ;  the  diagonal  P  c  will  repre- 
sent the  direction  of  a  single  force  C,  equiT^lenMo  the  combined  effect 
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of  A  and  B,  and  P  c  will  contain  as  many  units  in  length  asC  c»n 
tains  units  of  force. 

In  the  same  manner  a  result-  0 

ant  may  be  found  for  three  or 
any  number  of  motive  forces,  by 
compounding  them,  two  by  two, 
successively. 

Ic  the  triangle  P  a  c,  fig.  9,  the 
fides  a  P  and  a  e  =  P  6,  are  known, 
and  also  the  angle  P  a  c,  which  is 
the  supplement  of  the  angle  a  P  6, 
formed  by  the  directions  of  the 
forces.  We  may  therefore  calculate 
the  side  P  c,  that  is,  the  intensity 
of  the  resultant,  and  the  angle 
a  P  e,  which  determines  its  direc- 
tion. 

Let  the  point  a,  fig.  10,  be  subjected  to  the  forces  whose  magnitudes 
and  directions  are  represented  by  the  lines  a  6,  a  0,  and  a  d.  We  first 
take  any  two  which  lie  in  10 

the  same  plane,  as  a  6  and 
a  C,  and  find  their  result- 
ant a  X  ;  and  compounding 
this  with  the  third  force  a  dy 
we  find  atfj  which  will  re- 
present the  magnitude  and 
direction  of  the  general  re- 
sultant of  all  three  forces. 

The  resultant  of  any  num-      •  ^ 

ber  of  forces  can  therefore 

be  determined  by  geometrical   construction,   or  calculated  from  well 
known  geometrical  principles. 

This  system  of  compounding  forces  is  called  the  parallelogram  of 
forces^  and  applies  equally  to  the  combination  of  velocities  or  motions. 

In  order  that  the  body  may  move  in  the  straight  line  a  r  (fig  8),  the 
two  forces  must  act  in  the  same  manner.  They  may  be  instantaneous  im- 
pulses, which  will  cause  uniform  motion ;  or  both  may  act  continuously 
and  uniformly,  so  as  to  produce  a  uniformly  accelerated  motion ;  or, 
both  forces  may  act  with  a  constantly  varying  intensity,  increasing  or 
diminishing  at  the  same  rate,  and  the  body  will  still  move  in  a  straight 
line.  But  if  one  force  is  instantaneous  and  the  other  constant,  or  one 
constant  and  the  other  variable,  or  both  varying  by  difierent  laws,  then 
the  body  will  move  inm  curve ;  but  in  every  case  it  will  reach  the  pcln* 
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r  in  the  same  tin^e  kbmt  it  would  baTe  passed  from  a  to  6,  or  from  a  to  e^ 
bj  tbe  separate  action  of  either  force. 

If  the  three  forces  a  b.  a  C,  and  a  dj  all  pass  through  the  same  point, 
we  maj  oonstract  a  parallelopipedon,  as  shown  in  fig.  10,  and  a  y,  the 
diagonal  of  tbe  parallelopipedon,  will  represent  the  direction  and  inion- 
sitj  of  the  resultant  force.  This  method  of  compounding  forces  is  called 
the  parallelopipedon  of  forces. 

Examples  of  the  composition  of  motion  and  force  are  of 
constant  and  familiar  occurreuce. 

A  man  in  iwimming,  impels  bimMlf  in  a  direction  perpendicnlftr  to  hit  feet 
■ad  bands,  and  if  the  forces  are  eqaal  on  each  side,  he  will  move  in  a  resaltant 
line,  passing  tbrongh  tbe  centre  of  his  body.  Another  instance  is  the  flight  of 
birds.  While  flying,  their  wings  perform  symmetrical  movements,  and  strike 
against  tbe  tax  with  equal  force. 

In  the  case  of  flying  birds,  the  resistance  of  the  air  is  perpendicular 
to  the  surface  of  the  wings,  and  11 

ma  J  be  represented,  fig.  11,  bj 
C  A  and  D  A,  at  right  angles  to 
their  surface.  Neither  of  these 
pressures  tends  to  impel  the  bird 
straight  forward,  but  it  moTCs  in 
their  rtndiant;  for  if  the  wings 
are  equally  extended,  and  act  with 
equal  force,  the  lines  C  A  and  D  A 
make  equal  angles  with  A  B,  pass- 
ing throogh  the  centre  of  the  bird, 
and  hence  their  diagonal,  or  A  6, 
the  diagonal  of  equal  parts  of 
them,  will  coincide  with  A  B,  and  the  bird  will  fly  directly  forward. 

46.  Parallel  forces.  Resultant  of  unequal  parallel  forces. — 
Two  forces,  acting  side  by  side,  produce  the  same  effect  as  if  they  were 
in  the  same  straight  line.  Two  horses  drawing  a  cart  is  an  example. 
Hence  the  resultant  of  two  parallel  forces  acting  in  the  same  direction 
is  equal  to  their  sum,  and  is  parallel  to  them,  and  when  they  are  egtui/, 
it  applied  midway  between  them. 

If  the  parallel  forces  are  unequal^  the  point  of  application  of  the 
rBsultant  may  be  found  by  the  following  experiment.  Let  A  B,  fig.  12, 
a  bar  of  uniform  thickness  and  density,  be  balanced  on  its  centre  G. 
We  may  suppose  the  bar  to  be  divided  into  two,  A  D  and  D  B,  of 
unequal  lengths,  which  might  also  be  balanced  on  their  centres  E 
and  F.  Now  we  have  two  parallel  and  unequal  forces — the  weight 
of  A  D  and  the  weight  of  D  B — whose  resultant  is  not  midway 
6» 
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between  their  points  of  application,  E  and  F,  bat  passes  through  C, 
which  is  nearer  £  than  F  in  the  exact  ratio  that  the  force  at£  ezoeedj 
that  at  F ;  for  the  weights 
of  the  two  bars  are  as  their 
lengths,  and  C  E  measures 
half  the  length  DB,  and 
C  F  half  the  length  of  A  D ; 
80  that  C  E  is  to  C  F  in- 
tersely  as  the  weight  at  E  is 

to  the  weight  at  F.  The  truth  of  this  conclusion  may  be  tested  by  sus- 
pending at  E  and  F  two  additional  weights  which  have  the  same  ratio 
to  each  other  as  A  D  to  D  B,  and  the  equilibrium  will  be  undisturbed. 

Hence  the  resultant  of  two  parallel  but  unequal  forces  is  equal  to 
their  sum,  and  its  distances  from  them  are  inversely  as  their  intensities. 
Thus,  in  fig.  13,  if  any  two  parallel  18 

forces  act  at  A  and  A'^,  and  their  inten- 
sities are  expressed  by  A  B  and  A^  W^ 
then  their  resultant  will  be  repre- 
sented by  P  R,  provided  it  acts  at  P, 
a  point  so  situated  that  P  A'' :  P  A  = 
A  B :  A^  B^. .  The  same  will  be  true 
whatever  be  the  common  direction  of 
the  forces ;  if  the  positions  of  A  B  and 
A^  B'  are  changed  to  A  C  and  A^  C^ 
then  P  R  must  move  to  P  R'',  and  equilibrium  equally  obtains. 

47.  Resultant  of  two  parallel  forces  acting  in  opposite  direc- 
tions.— The  resultant  of  two  parallel  forces,  which  14 

act  in  opposite  directions,  is  found  by  the  same  con- 
struction as  before,  but  it  is  equal  to  the  difference 
of  the  intensities  of  its  components,  and  takes  the 
direction  of  the  greater.  Its  point  of  application, 
fig.  14,  is  in  the  prolongation  of  the  line  A  B,  at  the 
point  G,  situated  so  that  C  B  and  C  A  are  in  the  in- 
verse ratio  of  the  forces  Q  and  P.  The  point  0  will 
be  further  removed  as  the  difference  between  the 
forces  P  and  Q  are  diminished,  so  that  if  the  forces 
were  equal,  the  resultant  would  be  nothing,  and  situated  at  an  infinite 
distance. 

The  general  resultant  of  any  number  of  parallel  forces  may  be  found 
by  compounding  them,  succ-essively,  two  by  two,  in  the  methods  already 
prescribed. 

48.  Couples. — ^Whenever  a  body  is  solicited  by  two  foroes  which 
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mre  equal,  parallel  and  acting  in  opposite  directions,  it  is  impossible  to 
replace  them,  or  prodace  eqailibriam  by  a  single  force.  Such  a  sys- 
tem of  forces  is  cUled  a  eoupU,  and  its  tendency  is  to  produce  re?olu 
tion  around  an  axis.  In  this  case,  the  ralue  of  the  resultant  is  evidently 
equal  to  zero,  and  the  point  of  application  is  also  at  an  infinite  distance 
from  the  points  of  application  of  the  two  equal  components. 

49.  Two  forces  not  parallel  and  applied  to  different  points 
may  haTe  a  reaaltant,  if  they  lie  in  the  same  plane.  It  is  found  by 
extending  the  lines  of  direction  ontil  they  intersect.  Bat  if  the  forces 
are  not  paraUel,  and  lie  iti  different  planes,  then  the  directions,  though 
infinitely  prolonged,  will  nerer  intersect,  and  they  cannot  have  any 
single  resultant,  or  be  in  equilibrium  by  any  single  force. 

50.  The  resolution  of  forces  is  the  conyerse  of  their  composition. 
Since  two  or  more  forces  can  be  replaced  by  a  single  force,  so,  com« 
raonlv,  we  may  substitute  two  or  more  forces  for  one ;  and  since  an 
'ufinite  nnml)er  of  systems  may  have  the  same  resultant,  conversely, 
one  force  may  be  replaced  in  innumerable  ways  by  a  system  of  several 
forces.  But  if  oiie  of  two  required  components  is  given  in  magnitude 
and  direction,  there  can  be  but  one  solution,  and  the  problem  is 
definite. 

When  a  force  acts  upon  a  body  at  any  other  than  a  righi  angle,  a 
part  of  its  effect  is  lost.  By  resolving  such  an  oblique  force  into  two, 
one  parallel,  and  the  other  perpendicular  15 

to  the  body,  the  latter  component  will  re-  n 
present  the  actual  force  produced.  Let  a  6, 
fig.  15,  represent  a  force  acting  under  the 
angle  a  b  c  against  the  surface  M  N.  Re- 
solve a  h  into  a  c  perpendicular  to  M  N, 
and  a  d  pnrallel  with  it ;  then  a  c  will  be 
the  abMlute  effect  of  the  force,  and  a  b — 
a  r  is  the  Ines. 

Example  of  the  resolution  of  force. — ^The  sailing  of  a  boat  in  a 
direction  different  from  the  wind  is  a  most  familiar  illustration  of  these 
principles.  For  example:  the  wind  blows  in  the  direction  pa,  fig.  16, 
oblique  to  the  sail,  and  to  the  coarse  of  the  boat,  and  its  force  is 
resolved  into  two  components,  one  acting  in  the  direction  ca,  impelling 
the  boat  on  its  course  in  the  line  of  least  resistance,  the  other  in  the 
direction  6  a,  acting  to  carry  the  boat  laterally  on  in  the  line  of  greatest 
resistance.  As  the  model  of  the  boat  allows  it  to  advance  freely  through 
the  water  in  the  direction  c  a,  while  it  offers  great  resistance  to  lateral 
motion,  the  force  of  the  wind  resolved  in  the  direction  6  a  produces 
little  effect  upon  the  motion  of  the  boat,  she  being  held  to  her  coarse 
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bj  the  rudder.     A  skillful  sailor  can,  b;  tliua  Bvailltig  bimMir  of  the 
priaciples  of  reaolution  of  force,  aitil  his  vessel  on  a  coarse  wilhin  Bre 


ir  sis  poinW  of  being  directly 


to  tbe  wind  whiah  impels  i 


51.  Of  corvUlneat  motion. — It  hoe  been  ehown  that  a  bud;  acted 
upon  b;  tivo  forcet^  will  muTo  in  a  direction  whicb  is  the  resultant  of 
the  two  forces.  If  one  of  two  forces  aoting  upon  a  bodj  is  a  oontinu- 
uua  force,  acdng  in  a  direction  tendiug  to  turn  the  body  out  of  tbe 
uourse  it  receives  from  the  other,  the  resultant  will  not  bo  a  straight 
line,  but  a  curve,  having  its  ooneavily  turned  towards  the  direction  of 
the  continuous  force.  If  at  any  inatont  tbe  continuous  force  ceases  to 
net,  tbe  body  will  continue  to  mors  in  the  direction  in  which  it  was 
moving  when  the  constuDt  force  ceased  to  act.  This  direction  will  be  a 
tangent  to  the  curve  Eit  thnt  point. 

52.  Centrifugal  and  centripetal  forces. — Let  us  consider  a  mate- 
rial point  moving  with  a  uniform  velocity  in  the  circumference  of  a 
circle.  The  resultant  of  the  forces  acting  on  the  particle  will,  there- 
fore, by  the  necessity  of  the  case,  pass  through  the  circumference  of 
tbe  circle.  In  this  case  the  force  wbich  prevents  the  moving  particle 
froto  darting  off  in  a  tangent  to  the  circle  is  called  the  cenlripelat,  or 
.  itre-Mtking,  force.  This  force  at  every  instant  arreals  tbe  tendency 
of  the  particle  to  Hy  away  from  the  centre.  Tbe  tendency  of  the  par- 
ticlo  to  fly  away  from  the  centre  is  called  the  cenlriruffal,  or  rxnlrt- 
/y'lff,  force.  These  two  forces  are,  together,  termed  antral  force*. 
'I'bey  are  necessarily  nntagonistic  to  each  other  ut  every  inatant  of  ouft- 
vilioear  motion. 


•  k  circle  •»  divide. 
•ocordiDj;  to  tha  pfarn. 
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To  andentand  tlie  AatefoniMB  of  centrAl  forces,  take  m  e,  fig.  17,  an  ioi- 
aitely   small   arc   of  the   eircamference,   and   making  17 

with  the  direction  e'  m  a,  of  the  preceding  element 
e'  M,  an  infinitely  small  angle  a  m  c.  Juin  the  extremi- 
ties of  the  element  m  e  with  the  centre  of  the  circle  bj 
the  radii  ■■€,«€,  and  draw  b  e  parallel  to  m  a.  Since 
M  e  iff  considered  infinitely  small,  a  e  and  m  b  are 
parallel  to  each  other,  and  mac  b  is  a  parallelogram. 
Therefore  it  follows  bj  the  parallelogram  of  forces, 
that  while  the  body  was  moving  over  the  arc  m  e  it 
would  in  the  same  time  have  passed  over  the  space 
m  a,  in  virtue  of  the  velocity  acquired  in  passing 
over  c'  M,  if  BO  other  force  intervened ;  while  by  reason 
uf  the  central  force  acting  from  m  to  c,  it  would  have 
passed  over  the  space  m  6,  had  it  not  been  for  the 
original  impulse  e'  m.  This  is  the  centripetal  force, 
and,  compounded  with  the  original  impulse,  c'  m,  the 
particle  follows  the  resultant  m  c. 

Draw  now  a d  parallel  to  m c,  forming  the  second  parallelogram  mead.  The 
velocity  of  the  particle  following  the  diagonal  m  a  may  be  decomposed  into  the 
two  components ;  one  m  e  in  the  path  of  the  circular  motion,  and  the  second 
md  following  the  radius.  This  quantity  (m</)  represents  the  centrifugal  foree^ 
and  as«r/  =  atf  =  mfr,  it  follows  that  at  each  instant  of  the  circular  motion 
the  eentripetal  and  centrifugal  forces  exactly  counterbalance  each  other,  and 
that  the  sole  resulting  motion  is  in  the  arc  mc.  If  at  any  instant  the  centri- 
petal force  oeases  to  act,  m  a,  the  resultant  of  the  force^  m  c,md,  will  throw  the 
partiele  in  the  path  of  the  line  e^  ma  tangent  to  m.  The  term  centrifugal  force 
most  not  be  understood  to  mean  a  force  which  would  cause  the  body  to  fly 
directly  from  the  centre,  since  as  we  have  seen  it  must  in  that  case  move  also 
in  the  tangent. 

XSzamples  of  the  action  of  centrifogal  force. — A  stone  flies  from 
a  sling  with  a  Telocity  equal  to  the  force  acquired  by  its  revolution  at 
the  moment  when,  by  releasing  one  of  the  strings  from  the  finger,  it 
flies  off  in  a  line  tangent  to  the  point  of  release.  The  water  flies  from 
a  grindstone,  or  mad  from  a  carriage  wheel,  whenever  the  centrifugal 
force  doe  to  tbe  Telocity  of  revolution  is  sufficient  to  overcome  the  force 
of  adhesion.  The  rapidity  of  revolution  may  be  sufficient  in  a  grind- 
stone to  overcome  the  cohesion  of  the  particles  of  the  stone,  when  it 
barsts  with  a  load  explosion,  carrying  death  and  destruction  in  its  path. 
A  pail  filled  with  water  may  be  whirled  with  such  velocity  that  the 
eentrifugal  force  overcomes  the  force  of  gravity,  and  the  liquid  is  not 
spilled. 

53.  Bxpeiimental  demonstration  of  the  effects  of  centrifngal 
force. — ^The  effects  of  centrifugal  force  may  be  illustrated  by  the  appa- 
ratus represented  in  fig.  18.  A  wire  is  stretched  upon  a  frame  a  6,  con- 
nected with  an  upright  shaft,  which  is  made  to  revolve  rapidly  by  means 
of  a  eord,  as  shown  in  the  figure.  Two  perforated  balls,  united  by  a  string, 
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slide  freely  upon  the  horizontal  wire.  If  the  two  sliding  balls  dre  of  equal 
weight,  and  are  placed  at  equal  distances  from  the  axis  of  rotation,  still 


18 


nnited  by  the  string,  they  will  retain  the  same  position  with  any  velo- 
city of  rotation  which  may  be  given  to  the  apparatus ;  but  if  one  of  the 
balls  is  more  distant  from  the  axis  than  the  other,  it  will  draw  the 
other  along  with  it,  and  both  balls  will  strike  the  support  on  the  same 
side,  provided  the  distance  between  the  balls  is  less  than  half  the  line 
a  b.  If  the  two  balls,  united  as  before,  and  placed  at  equal  distances 
from  the  axis,  have  unequal  masses,  the  heavier  ball  will  draw  the 
other  towards  its  own  side  of  the  apparatus.  Xwo  unequal  balls, 
united  in  the  same  manner,  will  remain  at  rest,  if  their  distances  from 
the  axis,  on  opposite  sides,  are  in  the  inverse  ratio  of  their  masses. 
Admitting  that  the  centrifugal  force  is  proportional  to  the  mass  of  the 
body,  these  experiments  prove  that  the  centrifugal  force  is  proportional 
to  the  radius  of  the  circle  described,  when  the  times  of  revolution  are 
the  same. 

To  demonstrate  the  effects  of  centrifugal  force  in  liquids,  the  appa- 
ratus shown  in  the  upper  part  of  fig.  19  is  attached  by  screws  to  the 
coupling  at  the  top  of  the  re-  19 

Yolving  shaft  shown  in  fig.  18. 
Two  flasks  with  long  necks  are 
placed  obliquely,  communica- 
ting with  a  reservoir  filled  with 
liquid  placed  at  the  middle  of 
the  bar  which  supports  them. 
As  the  apparatus  is  rapidly  re- 
volved, the  liquid  rises  into  the  flasks,  and  again  descends  when  tte 
motion  is  arrested.  If  the  vase,  fig.  20,  containing  water,  is  attached  to 
the  machine,  and  made  to  revolve,  the  surface  of  the  water  becomes 
concave,  the  water  rising  by  the  sides  of  the  glass,  the  surface  becom- 
ing more  deeply  concave  as  the  motion  becomes  more  rapid.  The  piece 
of  apparatus  shown  at  the  bottom  of  fig.  19  carries  two  inclined  tubes, 
one  enclosing  water  and  a  metallic  ball,  the  other  water  and  a  ball  of 
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wood  floating  on  its  sarface.  As  the  rotation  becomes  rapid,  the  wbter 
rises  to  the  top  of  the  tabes,  the  ball  of  wood  then  descends,  and  takes 
a  position  on  the  inferior  surface  of  the  liquid,  while  the  20 

metallic  ball  adyances  through  the  liquid,  and  rises  to 
the  most  elevated  extremity  of  the  tube  which  contains  it, 
the  liquid  itself  rising  to  the  exterior  end  of  the  tube. 

The  different  effect  upon  the  two  balls  results  from  the 
fact  that  the  metal  has  a  greater  mass  than  an  equal 
volume  of  the  liquid,  while  the  contrary  is  true  of  the 
wood ;  the  centrifugal  force  being  in  proportion  to  the 
mass,  the  tendency  is  to  carry  the  denser  substance  to  the 
greater  distance  from  the  axis  of  rotation. 

If  a  tube  contains  different  liquids  incapable  of  acting  chemically 
upon  each  other,  they  will  place  themselves,  during  rapid  rotation,  in 
such  an  order  that  the  denser  fluid  will  be  more  distant  from  the  axis, 
the  outward  tendency  being  directly  proportional  to  the  mass  of  matter 
in  a  given  volume.  These  effects  do  not  take  place  till,  by  the  rapidity 
of  revolution,  the  centrifugal  force  becomes  greater  than  the  force  of 
gravity.  The  common  circular  or  fan  blowing  machine  is  an  example 
of  the  action  of  centrifugal  force  on  bodies  in  a  gaseous  condition. 
A  centrifugal  pump  has  been  devised  acting  in  this  manner.  The  fan- 
blower  is  also  used  as  a  ventilator,  drawing  its  supply  of  air  from  the 
space  to  be  ventilated,  to  supply  that  thrown  out  by  the  tangential 
opening. 

The  centrifugal  drying  machine  for  laundries  consists  of  a 
very  large  upright  cylinder,  having  a  smaller  cylinder  within  it.  The 
mrcular  chamber  between  the  two  cylinders  is  closed  by  covers,  by  open- 
ing which  the  linen  to  be  dried  can  be  introduced.  The  bottom  of  this 
chamber  is  pierced  vrith  holes  like  a  sieve,  through  which  the  water 
expressed  from  the  linen  can  flow  off.  A  rapid  rotation  being  given  to 
this  cylinder,  the  linen,  by  the  effect  of  centrifugal  force,  is  urged 
against  the  exterior  surface  of  the  cylinder,  and  is  there  squeezed  with 
a  force  which  increases  vrith  the  rapidity  of  rotation,  by  the  effect  of 
which  the  water  is  pressed  out  of  it,  and  escapes  through  the  holes  in 
the  bottom.  A  rotation  of  25  turns  per  second,  or  1500  per  minute,  is 
given  to  these  drying  cylinders,  by  which  the  linen,  however  moist  it 
may  be,  is  rendered  so  nearly  dry  that  a  few  minutes'  exposure  in  the 
air  renders  it  perfectly  so.  In  large  linen  manufactories  this  machine 
produces  a  great  saving  of  labor  in  the  laundry  department. 


lo  tb«  motion  of  the  heavenly  bodies  we  find  tbe  most  wonderful  example! 
•f  the  setion  of  eentrsl  forces,  acting  as  they  do  to  prevent  tbe  moon  from  fall* 
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ing  upon  the  earth,  and  the  planets  into  the  sun.     The  action  of  ientrlftif  al 
force  will  be  further  considered  in  connection  with  terrestrial  grmtitj. 

54.  Analysis  of  the  motion  produced  by  central  forces.— 
Let  a  body  placed  at  a,  fig.  21,  receive  an  impulse  which  would  carry  it  to  <f  in 
one  second,  or  any  small  portion  of  a  second,  and 
let  it  be  attracted  towards  e  by  a  constant  force 
which  would  move  it  to  fr  in  the  same  time  that  the 
first  impulse  would  carry  it  to  «{,  then  by  the  prin- 
ciples of  the  composition  of  forces  it  will  be  found 
at  the  end  of  the  given  time  at  e,  and  if  the  attrac- 
tive force  should  then  cease  it  would  continue  to 
move  in  the  direction  e  m.  If  the  attractive  force 
continues,  the  body  will  be  found  at  g  at  the  end 
of  the  second  period.  As  the  central  force  is  con- 
tinually acting,  the  body  will  diverge  more  and 
more  from  the  direction  of  the  first  force,  and  will 
describe  a  curve.  As  the  attractive  force  acts 
always  towards  the  central  point  c,  tho  body 
will  revolve  around  that  point.  If  the  relation  of 
the  two  forces  is  such  that  ce,  e^,  Ac,  are  each 
equal  to  c  a,  the  curve  of  revolution  will  bo  a 
circle.  In  most  other  cases  the  curve  of  revolution 
will  be  an  ellipse. 

If  the  curve  described  is  a  circle,  and  we  assume 
the  arc  a  e  to  be  very  small,  it  will  not  sensibly  difier  from  a  straight  line,  and 
according  to  well  known  geometrical  principles  we  shall  have 

ab  :  ae  =.  at  :ao. 


ae' 


ab  = 

a  o 

That  is,  the  centrifugal  and  centripetal  forcee  of  a  body  deteribing  a  circle 
with  uniform  velocity  are  directly  proportional  to  the  tquare  of  the  veloeityt  and 
invereety  a*  the  diameter  of  the  circle. 

The  relation  of  these  forces  may  be  expressed  differently.    Considering  a  e 

as  the  space  described  in  one  second,  it  will  be  the  velocity  of  the  body  ;  but  in 

curvilinear,  just  as  in  rectilinear  movement,  the  velocity  is  equal  to  the  distance 

divided  by  the  time,  i.  e.,  equal  to  the  circumference  of  the  circle  divided  by  the 

time  of  revolution.     Let  K  represent  the  radius  of  the  circle,  T  the  time  of 

revolution,  o  the  velocity,  and  7t  the  ratio  of  the  circumference  to  the  diameter,* 

27tR 
and  we  shall  have  ae  =  v=  .     Substituting  this  value  of  a  e  in  the  piw 

▼i  us  equation,  and  considering  that  no  =  2R,  we  shall  have 

'"  2JiT^~  T^' 
Therefore  the  attractive  force   would   generate  in   one  second   a  velocitj 


*  The  ratio  of  the  circumference  of  a  circle  to  its  diameter  \f  3*1 1159,  and 
this  number  is  usually  represented  by  tho  Greek  letter  it  in  matbematio^  fbr- 
mulsB. 
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•aprcMad  by  tnn  a  t,  tk«  di«Uii«  puvd  otbt,  equl  to  -— -.  The  usnlw 
■cloeit;  per  Hemid  ia  iipitawd  bj  lb*  aetiul  Teloeilj,  dirided  b;  the  ndioi ; 
cailiof  Out  •agaUi'  wiHadtj  V,  ■•  h*>* 

TktetmtTifrfaiarlmkitkitthmtmmtlkims)tkt  ctrlriprtnl  fortx  raria  dirretif 
■•  lit  rvdita  of  Am  lirtU  of  motnlioii  mm  liptitd  hj  lit  tqmare  of  ikt  awgalai 

tftrifm^  and  miriptlat  fimtt  Itill  U  dirrdln  at  Uu  radii  of  iktir  eireltt,  and 
•mrrraitg  at  lit  tqa^rtr  </  lit  liiK*  of  rrnUmlio^. 

It  it  ■!»  twHtaK  tbM  lb*  caolrifBgal  fone  ii  proportionml  lo  lb«  nau  of  tb* 
fcodj. 

5S.  Bohnenbatfet'B  am>ai«tiu. — lo  eoosequence  of  the  opentios 
of  the  law  of  iDertim,  moTinf;  bodies  preserve  Ibelr  planes  of  motion, 
m»  'iM  tme  u  well  of  plaoea  of  mlation  as  of  pluies  in  ft  rectiliDeai 
direction.   BjmesnaofBohnenberger'iftpp»rfttui  It 

we  maj  illnitrate  the  tandencj  of  rotating  bodiei 
b>  preserre  their  pUae  of  rotfttion,  and  the  inraria- 
bilitjof  the  ftsU  of  the  earth  during  ill  rerolation. 
Bobnentierger'a  apparatus  ooneiita  of  three  ringB, 
A  A  A,  llg.  22,  placed  one  within  the  other ;  the 
two  ioaer  ones  are  movable,  and  connected  bj 
pins  at  right  angles  to  each  other,  in  the  lane 
waj  as  the  gimbals  that  snpport  a  compass.  In 
U>e  smallest  ring  there  ii  a  beavj  metallic  ball 
B  Mpported  on  ao  alia,  which  also  carries  a  little  pullej  e 
is  set  in  rapid  rotation  hj  winding  a  small  cord  aroood  e,  and  si 
palling  it  off.  Ths  axis  of  the  ball  will  continue  in  the  same  direo- 
lioD,  DO  matter  how  the  position  of  the  rings  maj  be  altered ;  and  the 
ring  which  snpports  it  will  resist  a  considerable  pressure  tending  to 


54.  ParallsloenuB  of  rotatloiu, — It  has  been  shown  (48]  that 
mtarj  modon  is  produced  b;  two  equal  parallel  forces  acting  in  oppo- 
Hte  directioiu.  If  two  new  equal  parallel  forces  act  upon  the  same 
bodj,  tending  to  produce  rotation  aboat  another  axis  situaled  in  the 
MBe  plane,  the  eompoand  teenltant  will  tend  to  produce  rotation  about 
a  third  asia,  shoated  in  the  same  place,  between  the  directions  of  the 
oth«twD. 

Let  the  irregular  bodj  shown  in  fig.  23.  white  rotating  about  the  axis 
A  X  be  soddenlj  acted  npon  hj  forces  tending  to  produce  mtstinn  about 
the  axis  A  T.  Suppose  the  parts  of  the  bodj  Ijing  between  A  X  and 
4  T  lo  be  impelled  in  oppoeite  diieetioos  b;  the  two  rotarj  foroea. 
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Tak«  any  point,  ms  P,  and  drawing  from  P  perpendicnlan  opcm  Um 

two  axis,  let  PC  =  y  and  PB  =  x,  alao  let  » 

r  represent  the  angular  Telocity  about  the 

axis  A  Xf  and  r^  the  angular  Telocity  about 

the  axis  A  Y,  then  will  rr  —  t/y  express 

the  resultant  force  exerted  upon  the  point 

P.     Now  since,  if  the  point  P  were  taken 

in  the  axis  A  X,  we  should  haTe  ex  =  0,  and 

if  P  were  taken  in  A  T  we  should  haTe  Ky 

=  0.  it  is  evident  that  P  maT  be  so  taken 

that  rr  —  r'y  =  0,  or  rr  =  Ky.     Lay  off  on  A  X  a  distance  A  E,  aoch 

that  A  E :  A  C  =  r :  K,  c«^n struct  the  parallelcigram  A  C  D  £,  and  draw 

the  dUgv^nal  A  D :  then  AE:  AC  =  DC:  DE  =  r :  r' =  y :  x.    But 

erery  p^*int  on  the  line  A  D  X'  will  have  the  same  refauiofi  to  the  axis 

A  X  and  A  T.     Hence  erery  point  in  thb  line  will  remain  at  rest»  and 

A  X'  beoxaes  the  resultant  axis  of  rotation,  in  lirtne  of  the  foroea  pre- 

rkxtsly  tending  to  prvkduce  rotation  about  the  two  component  axea. 

To  determine  the  velocitr  of  n>tation  about  the  resultant  axis  A  X^» 
take  any  |K>int.  as  C.  on  the  axis  A  Y.  At  this  point  Ky  =  0,  and  the 
fkxat  C  has  no  tendency  to  more  except  that  giren  by  the  OMxnent  or 
about  the  axis  A  X.  Draw  the  perpendiculars  C  R  and  C  Q  upon  A  X 
aai  A  X'  wsspectiTely.  Kepnpsent  C  R  by  r.  mnd  C  Q  by  r'\  and  denote 
ibe  an^mlar  Y^l.viiy  aKni;  AX'  by  r".  Nc<w  as  the  distance  passed 
CTer  br  tbf  iv':a:  0  dur:a£  anr  ioszan;  i^i^n-is  ouIt  on  the  momeni 
nr.  it  vill  be  the  $dime  whether  the  r.-^Taii.-n  takes  place  about  A  X  or 

AJTi  beo^vn-    =  r"r'\  ,.  r"  =  ^-,   T:»  vnsjif^  A  C D mad  A  C B 


ar*  <^;=al.  Se^f  each  oe»e-i:aIf  tb^  r 


..e.- 


ACDE^hoHxADX 


that  r''  =  AD. 


r^  ^  Jirx  0^.   aad-iP\r '^rr.  heoc*jlP  =  ^,.  Comparing 

ii»  <»^x:At>;n  w:th  iSl*  ralue  c^  r  *  f.vca'i  aS:^.  we  iai 
F^-flfc  ti*  aK^Te  rydkj^^ia^  it  ari^Mrs  tba:« — 

^  •  •  •  *     « 

:^   .i-     ••'«*>*  >,i»i:^;y  y/  yt-^^^V.^F  -■  4 •  &>./*»  a'vwc  r»A«f 
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pAtsing  throngh  the  fame  point,  the  refaltant  motion  wUl  he  rotation  about  a 
new  MJLiB,  represented  in  direction  hj  the  diagonal  of  a  parallelopipedon  fomiod 
on  the  original  axes  ms  adjacent  edges,  with  the  magnitude  of  those  e^lges  corres- 
ponding to  the  respeetire  forces  acting  aboat  those  axes,  and  the  velocity  of  the 
new  rotation  will  be  represented  by  the  length  of  the  diagonal  of  the  parallelo- 
pipedon. 

In  describing  rotarj  modonB  it  is  customary  to  speak  of  the  motion 

as  right-handed  or  posttiTe,  or  as  left-handed  or  negative. 

Let  A  X,  A  Yy  A  Zy  fig.  2^,  be  three  rectangular  axes,  passing  through  the 
point  A,  whieh  is  called  the  origin  of  co-ordinates.  Distances  measured  from  A 
towards  either  X,  Y,  or  Z,  are  called  positive,  and  distances  measured  in  the 
opposite  directions  are  called  negative.  If  a  body  revolves  about  either  of  these 
axes,  or  about  any  axis  drawn  through  A,  in 
saeh  a  direction  as  to  appear,  to  an  eye  placed 
beyond  it,  and  looking  towards  A,  to  move  in 
the  saoM  direction  as  the  hands  of  a  watch, 
when  we  look  at  the  dial,  such  motion  is 
called  right-handed,  or  positive  rotation.  If 
rotation  takes  place  in  the  opposite  direction, 
it  is  called  left-handed,  or  negative.  If  a  body 
revolves  in  the  directions  shown  in  either  part 
of  fig.  24,  the  rotation  is  called  right-handed, 
or  positive.  If  the  three  axes,  A  X,  A  Y,  A  Z, 
were  brought  towards  each  other  till  they  co-  ^ 
incide,  these  rotations  would  all  coincide  in  "^ 
direction. 

57.  The  gyroscope,  or  rotascope,  is  an  instrument  exhibiting  some 
remarkable  results  of  the^ombination  of  rotary  motions,  and  which 
also  shows,  as  in  Bohnenberger's  apparatus,  the  tendency  of  rotating 
bodies  to  preserve  their  plane  of  rotation.  A  common  form  of  the 
rotascope,  fig.  25,  con- 
sists of  a  metal  ring,  A  B, 
inside  of  which  is  placed 
a  metallic  disk,  C  D, 
loaded  at  its  edge,  and  • 
which  turns  independ-  '■ 
ently  of  the  ring,  upon 
the  axis.  Motion  is  com- 
municated by  means  of  a 
eord,  wound  around  the 
axis  of  the  disk  and  sud- 
denly drawn  off.  If,  when 
the  disk  is  rotating  rapid- 
ly, it  be  placed  on  the  steel  pin  F,  supported  on  the  column  G,  it  seems 
indifferent  to  gravity,  and  instead  of  dr(>pping  it  begins  to  revolve  in  a 
borixontal  orbit,  H  I,  about  the  vertical  axis  F  G,  in  a  direction  corres* 
IKmding  with  the  morement  of  the  lower  part  of  the  disk.    This  hori* 
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Bontal  revolution  gradually  increases  in  velocity,  and  the  free  end  of 
the  disk,  in  some  circumstances,  vibrates  upward  and  downward,  in 
spiral  curves.    When  the  rotation  of  the  disk  ia  considerably  diminished, 
by  friction,  gravity  gradually  prevails  over  the  supporting  power,  and 
at  length  the  disk  falls,  in  a  descending  spiral  curve. 

To  explain  the  movement  of  the  gyroscope,  let  the  axis  T  A  T^, 
fig.  24,  correspond  to  the  standard.     A  24  (6w.) 

being  the  point  where  one  end  of  the 
axis  of  the  revolving  disk  is  supported. 
Let  A  X  correspond  to  the  horizontal 
axis  around  which  the  disk  of  tlie 
gyroscope  revolves,  and  let  Z  A  Z''  be 
another  horizontal  axis,  at  right  angles 
with  A  X  and  A  Y.  Let  a  right- 
handed  rotation  be  given  to  the  disk  of 
the  gyroscope  about  the  axis  A  X,  as  k 
indicated  by  tlie  arrows.  While  the 
force  of  gravity  causes  the  free  end  of  the  axis  to  descend,  there  will 
also  be  commenced  a  right-handed  rotation  about  the  axis  A  Z.  Both 
these  rotations  may  be  supposed  to  have  constant  velocities  for  an  infi- 
nitely short  interval  of  time.  Let  v  denote  the  angular  velocity  about 
A  X,  and  t/  the  angular  velocity  about  A  Z.  Lay  off  on  A  X  a  distance 
A  B  =  t?,  and  on  A  Z  a  distance  A  C  =  v^,  complete  the  parallelogram 
A  B  D  0 ;  then  the  diagonal,  A  D,  will  represent  the  resultant  axis  of 
rotation,  and  the  length  of  this  diagonal  will  represent  the  velocity  of 
rotation  about  the  new  axis.  As  the  disk  can  only  rotate  about  the  new 
axis  by  moving  towards  D,  there  will  thus  be  commenced  a  new  move- 
ment of  rotation,  whinh  we  may  call  a  horizontal  revolution  about  the 
perpendicular  axis.    This  will  be  a  right-handed  rotation  about  A  Y. 

We  now  have  to  consider  rotation  about  three  axes,  all  passing 
through  the  axis  A.  To  construct  the  position  of  the  resultant  axis 
for  the  second  instant,  lay  off  on  A  Z,  considered  as  perpendicular  to 
A  D  and  to  A  Y,  a  distance  to  represent  the  angular  velocity  due  to 
gravity,  and  on  A  Y  the  angular  velocity  in  the  orbit,  acquired  in 
passing  from  the  position  A  X  to  A  D;  A  D  represents  the  velocity 
with  which  the  disk  rotates.  Construct  a  parallelopipedtm  on  these 
three  lines,  and  draw  its  diagonal  through  A.  This  diagonal  will  evi- 
dently give  a  direction  that  will  continue  the  horizontal  revolution 
already  commenced,  and  also  an  upward  tendency  in  opposition  to 
gravity.  The  same  process  of  constructiim  might  be  continued  for 
every  instant  the  rotation  continues.  It  is  evident  that  the  horizontal 
rotation  would  continually  increase  in  velocity,  and  the  tendency  to 
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lift  the  end  of  the  axis  of  the  disk  would  also  increase,  were  it  not  con- 
rinuallj  counteracted  by  the  action  of  gravity.  As  the  Telocity  of  the 
rotation  of  the  disk  is  continually  retarded  by  friction,  the  lifting  power 
exerted  against  gravity  diminishes  until  the  disk  gradually  descend! 
with  a  spiral  revolution,  and  the  instrument  is  brought  to  rest. 

If  the  disk  of  the  gyroscope  were  made  to  rotate  in  the  opposite  direc- 
tion, or  left-handed,  the  motion  around  the  axis  Z  A  'Lf,  caused  by 
gravity,  would  also  be  left-handed  when  considered  from  the  point  Z^ 
and  the  resultant  A  IK  would  lie  on  the  opposite  side  of  A  X.  This 
would  also  give  a  left-handed  rotation  about  the  perpendicular  A  T, 
and  the  resultants  would  all  be  found  in  the  solid  angle  A  X,  A  Y, 
A  T/j  and  again  the  tendency  would  be  to  counteract  the  depressing 
force  of  gravity.  Thus  we  should  have  the  rotating  disk  supported, 
as  experience  shows  it  is,  in  whichever  direction  it  is  caused  to  rotate. 

If  the  weight  of  the  gyroscope  were  counterbalanced  (as  it  is  frequently  con- 
stmeted)  by  an  equal  weight  on  the  opposite  side  of  the  vertical  axis,  it  can 
readily  be  seen  that  it  would  have  no  horizontal  rotation.  If  the  coonter- 
balancing  weight  were  so  great  as  to  raise  the  disk  upward,  the  horizontal 
revolution  would  be  performed  in  the  opposite  direction. 


Problems  on  Weights  and  Measures. 

1.  (a.)  How  many  English  yards  are  contained  in  135  French  kilometres? 
(&.)  Reduce  2*5934  centimetres  to  English  inches,  (c.)  What  part  of  an  English 
inch  is  1  millimetre?    (</.)  Reduce  3  centimetres  to  inches. 

2.  (a.)  Reduce  4  feet  7  inches  to  French  measure.  (6.)  Reduce  225  rods  to 
French  measure  of  length,  (c.)  Reduce  13  miles  to  French  kilometres, 
(tf.)  Reduce  5  yards  to  French  metres. 

3.  (a.)  Reduce  3  pints  to  litres  and  cubic  centimetres.  (6.)  Reduce  5  litres 
to  English  measure,  (e.)  Reduce  7  gallons  to  litres  and  decimal  parts. 
{d.)  Reduce  7  cubic  centimetres  to  English  pints. 

4.  Reduce,  by  means  of  the  Table  II., — (o.)  25  inches  to  decimal  parts  of  a 
metre.  (6.)  139  centimetres  to  American  inches,  (c.)  75  feet  to  metres,  {d.)  5 
kilometres  to  Americsm  yards. 

5.  Reduce,  by  means  of  the  table  at  the  end  of  the  book, — (a.)  *l\  pints  to 
enbie  centimetres.  (6.)  10  gallons  to  cubic  centimetres,  (e.)  735  rallo  centi- 
metres  to  gallons. 

Problems  on  Motion. 

t.  A  body  passes  uniformly  over  a  distance  of  200  yards  in  1  hour  and  0 
minutes :  what  is  the  numerical  value  of  its  velocity,  according  to  the  usual 
conventions  concerning  the  units  of  space  and  time  ? 

7.  A  body  is  obeerved  to  describe  uniformly  a  feet  in  n  seconds ;  suppcfing 
Che  unit  of  time  to  be  1  minute,  what  must  be  the  unit  of  distance  in  order  that 
the  numerical  value  of  the  body's  velocity  may  be  1  ? 

8.  A  man  walks  with  a  velocity  represented  by  2,  and  he  finds  that  be  walks 
T  miles  in  2  hours ;  if  1  foot  be  the  unit  of  lengthy  what  is  the  unit  of  time  ? 

9.  A  partiel*  is  moriog  with  such  a  velocity,  and  in  such  a  direction,  thai 

6* 
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tbe  resolred  parts  of  its  reloeitj  in  the  direotions  of  two  lines  perpendicular  to 
each  other,  are  respectively  3  and  4 ;  determine  the  direction  and  Telocity  of 
tbe  particle's  motion. 

10.  A  is  a  more  powerfal  and  a  heavier  man  than  B ;  the  greatest  weight^ 
which  they  can  lift  are  as  8  :  7,  and  their  own  weights  are  as  7:6.  Which  is 
likely  to  be  the  faster  mnner  of  the  two? 

11.  Supposing  a  body  acted  apon  by  a  force  capable  of  cansing  an  accelera- 
tion of  3  feet  per  second :  what  will  be  its  velocity,  and  the  distance  passed 
over,  at  the  end  of  1  minute  ? 

12.  What  velocity  will  be  acquired  by  a  body  moving  100  feet,  under  the  hi- 
fluenoe  of  a  force  capable  of  cansing  an  acceleration  of  2  feet  per  second  ? 

13.  If  a  body  starting  with  an  initial  velocity  of  125  per  second  is  found  to 
eome  to  rest  after  the  end  of  6  seconds,  what  is  the  amount  of  retardation,  and 
what  distance  has  the  body  passed  over  ? 

14.  If  a  body  weighing  100  pounds  moves  with  a  velocity  of  a  mile  in  7 
seconds  what  must  be  the  weight  of  a  body  moving  3  feet  per  second,  to  have 
the  same  momentum  as  the  former  ? 

15.  If  a  ship  weighing  2000  tons  strikes  a  pier  with  a  velocity  of  6  inches  per 
second,  what  velocity  must  be  given  to  a  64  pound  shot,  in  order  that  it  may 
strike  an  obstacle  with  the  same  momentum  ? 

16.  Uniform  force  is  defined  as  that  which  generates  equal  velocities  in  equal 
times ;  would  it  be  correct  to  define  it  as  that  which  generates  equal  velocities 
while  the  body  moves  through  equal  spaces? 


CHAPTER  III. 

GRAVITATION. 


J  1.  Direction  and  Centre  of  Qravity. 

58.  Definition. — The  fall  of  unsupported  bodies  to  the  earth,  and 
the  pressure  exerted  by  bodies  at  rest  on  the  earth's  surface,  is  due  to 
the  force  of  gravity.  The  amount  of  this  force  seen  in  the  downward 
pressure  of  any  body  is  called  its  tceighU  Weight  is  due  to  the  earth's 
attraction  for  the  body  weighed.  This  is  only  a  particular  case  of  a 
general  force  in  nature,  by  reason  of  which  all  bodies  in  the  universe 
attract  each  other,  thereby  maintaining  the  order  and  stability  of  the 
heavenly  bodies. 

59.  Law  of  universal  gravitation.— The  law  of  gravitation  is 
stated  as  follows :  Every  particle  of  malter  attracts  every  other  particle 
in  the  direct  ratio  of  its  mass,  and  in  the  inverse  ratio  of  the  square 
of  its  dLHance, 

Let  3f  and  .V  represent  two  masses,  D  and  IX  the  distances.  Take 
O  and  g  the  absolute  gravities  of  the  two  masses  at  a  given  dislanoe, 
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and  g:  Cy^ihe  ratio  of  Uie  force  of  gravity  at  distances  D  and  IX,  then 

Gi  g  =M      :  Jr^ 

g  :  G^  =  ly*    :  2>*,  compounding  these  proportions  we  have 

G:G'=MD^:M'D',    hence    OiG":—.-^,. 

Or  the  force  of  gravity  of  different  bodies,  at  different  distances,  is 
directly  as  the  naasees  and  inversely  as  the  squares  of  the  distances. 

m*  law  was  discovered  in  1660,  by  Sir  Isaac  Newton.  Reflecting 
OD  the  power  which  causes  the  fall  of  bodies  to  the  earth,  and  bearing 
in  mind  that  this  power  is  sensibly  the  same  on  the  highest  mountain 
as  in  the  deepest  valleys,  he  conceived  that  it  might  extend  far  beyond 
this  eartli,  and  even  exert  its  influence  through  all  space.  He  assumed, 
in  conformity  to  the  relation  already  discovered  by  Kepler,  between 
the  times  of  revolution  of  the  planets  and  their  distances  from  the  sun, 
that  this  force  must  diminish  in  the  inverse  ratio  of  the  square  of  the 
distance.  Ilis  first  results  were  unsatisfactory,  because  (as  afterwards 
Appeared)  he  nsed  in  his  calculations  an  erroneous  value  of  the  earth's 
radius.  But  in  June,  1682,  he  received  Picard's  new  measurement  of 
the  arc  of  the  meridian  in  France,  from  which  it  appeared  that  the 
radius  of  the  globe  was  nearly  one  seventeenth  greater  than  had  been 
previously  supposed.  Armed  with  these  new  data,  Newton  resumed 
his  calculations,  and  in  1687  published  his  great  work,  the  "  Prindpia** 
in  which  he  develops  the  consequences  of  his  great  discovery  of  the 
laws  of  gravitation. 

60.  Direction  of  tarreatrial  attraction.  Centre  of  gravity. — 
As  the  direction  of  a  force  is  the  direction  of  the  motion  or  pressure 
caused  by  it,  (40),  it  follows  that  a  body  falling  under  the  influence  of 
gravity  moves  on  a  line,  which  would  pass,  if  extended,  through  a 
point  sensibly  near  the  centre  of  the  globe.    This  point  26 

in  the  globe  is  called  iU  centre  of  gravity.  Therefore 
the  direction  of  the  force  of  gravitation  is  in  the  line 
uniting  the  centre  of  gravity  of  the  earth  with  that  of 
the  attractive  body.  The  jdumb  line,  fig.  26,  gives  this 
direction.  Here  a  mass  of  lead  is  suspended  by  a  string, 
and  when  it  is  at  rest,  it  is  evident  without  a  mathe- 
matical demonstration,  that  the  direction  of  the  pressure, 
and  hence  that  of  the  force  of  gravitation,  coincides 
with  that  of  the  plumb  line.  This  direction  is  called 
the  vertical,  and  a  direction  perpendicular  to  it  is  called 
the  horizontal.     Such  is  the  surface  of  a  liquid  at  rest. 

It  is  pl^,  on  the  slightest  reflection,  that  as  the      ^ 
plomb  line  ooincidee  at  every  point  of  the  earth's  surface  very  nearly 
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to  tho  radius  of  the  same  points,  that  several  plumb  lines  placed  neai 
each  other,  are  sensibly  parallel  to  each  other  (bat  are  not  mathemati* 
cally  so),  because  the  distances  between  them  are  almost  insensible 
compared  to  the  length  of  a  radius  of  the  earth.  The  convergence  is 
only  one  minute  to  a  geographical  mile. 

The  rotation  of  the  earth  does  not  affect  the  direction'  of  a  falling  body, 
because  it  had,  before  it  fell,  the  same  velocity  as  the  earth  itself.  Thns  a  bullet 
dropped  from  the  mast-head  of  a  ship,  sailing  never  so  rapidly,  falls  to  the  deck 
on  precisely  the  same  spot  as  if  the  ship  were  motionless — in  virtue  of  the  prin- 
ciple of  the  composition  of  motion,  (45).  Nevertheless,  if  bodies  fall  from  a 
very  great  height,  there  is  an  easterly  deviation,  as  Newton  annoanoed,  because 
at  the  point  of  departure,  on  a  circumference  sensibly  larger  than  at  the  surface 
of  the  earth,  the  body  has  a  horizontal  velocity  sensibly  greater  than  |he  latter. 
For  a  height  of  550  feet,  calculation  indicates  a  deviation  of  0*108  inch,  and 
experiment  gave  Reich  in  the  deep  mines  of  Freyberg  0*110  inch. 

61.  Point  of  application  of  terrestrial  attraction. — As  every 

particle  of  a  body  is  equally  attracted  by  the  ^arth,  there  must  be  as 
many  points  of  application  for  this  force  as  there  are  particles  of  matter 
in  the  body.  Hence  from  the  principle  (46)  for  finding  the  resultant 
of  a  system  of  parallel  forces,  it  follows  that  if  a  body  be  supported  by 
a  flexible  cord  from  a  fixed  point,  it  cannot  remain  at  rest  unless  the 
resultant  of  all  the  parallel  forces  which  gravity  exerts  on  it  passee 
through  the  point  of  support. 

It  is  thus  possible  to  determine  experimentally  the  position  of  the 
resultant  of  the  system  of  parallel  forces  which  gravity  exerts  upon 
a  body. 

For  example,  in  fig.  27, 

the  chair  is  held  by  a  string 

attached  to  one  arm,  and  the 

resultant  of  the  forces  ex- 
erted by  gravity  is  in   the 

line  A  B,  in  which  the  chair 

comes  to  rest.     But  if  the 

chair  is  supported  from  an- 
other point,  as  in  fig.  28,  it 

will  come  to  rest  in  a  new 

position,  and  the  resultant 

will  now  be  found  also  in  a 

new  position,  namely  in  the 

line  C  D,  and  so   for  every 

new  point  of  suspension  we 
ean    by   experiment    demonstrate  a    different    position    for    the    re 
sultaiit. 


27 
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62.  Centre  of  gravity. — As  there  is  in  every  solid  body  a  point 
about  which,  when  it  is  suspended,  its  molecules  are  equally  dis- 
tributed in  every  direction,  all  the  attractions  exerted  upon  them  may 
be  replaced  by  a  single  resultant  force  applied  at  this  point.  But 
whatever  position  the  body  may  assume,  the  resultant  of  its  parallel 
forces  of  gravity  will  always  pass  through  the  same  point.  This  com- 
mon point,  of  intersection  of  the  resultants  of  gravity  in  any  body,  if 
called  the  eetUre  of  graoiiy.  As  we  may  find  the  resultants  ezperi 
mentally,  so  also  is  the  centre  of  gravity  of  any  solid  29 
easily  found.  If  any  irregular  solid  is  suspended,  as  in 
fig.  29,  its  centre  of  gravity  will  lie  in  the  line  e  d,  pro- 
longed through  its  axis.  It  will  alsc  lie  in  the  line  a  6, 
by  which  the  body  is  a  second  time  suspended,  and  being 
found  in  both  lines,  it  must  necessarily  be  At  their  inter- 
section. A  correct  conception  of  the  important  relations 
of  the  centre  of  gravity  lies  at  the  foundation  of  the 
whole  science  of  mechanics,  and  especially  of  equi- 
librium. 

63.  Corollaries. — (1.)  The  centre  of  gravity  must  be  regarded  as 
the  point  of  application  of  the  resultant  of  the  forces  which  gravity 
exerts  upon  the  molecules  of  any  body.  This  is  proved  by  the  fact 
that  the  point  of  application  is  any  point  on  the  line  of  the  resultant, 
and  that  the  centre  of  gravity  is  a  point  common  to  all  the  resultants. 

(2.)  When  the  centre  of  gravity  is  supported,  the  body  remains  at 
rest.  Conceive  the  irregular  mass,  fig.  29,  to  be  sustained  on  an  axis 
passing  through  a  6  or  ed,'the  body  will  remain  at  rest  in  whatever 
position  of  revolution  it  may  be,  on  either  of  these  axes,  since  the  whole 
intensity  of  the  forces  of  gravity  is  expended  in  pressure  against  the 
points  of  support. 

(3.)  The  sum  of  all  the  attractions  exerted  by  any  mass  of  matter 
may  be  conceived  as  proceeding  from  its  centre  of  gravity.  Newton 
has  demonstrated  that  a  particle  of  matter  placed  without  a  hollow 
sphere  is  attracted  in  precisely  the  same  manner  as  if  the  whole  mass 
of  the  sphere  were  collected  at  its  centre,  and  constituted  a  single  par- 
ticle there.  The  same  must  be  true  of  solid  spheres,  since  they  may  be 
regarded  as  made  up  of  a  great  number  of  hollow  spheres,  having  the 
same  centre. 

The  principle  that  action  and  reaction  are  equal  and  opposite  (27), 
applies  perfectly  to  the  mutual  attractions  of  the  masses  of  matter. 
Hence  follows  the  somewhat  startling  inference  that  the  earth  must 
rise  to  meet  a  falling  body.  This  is  unquestionably  true,  but  since  the 
mass  of  the  earth  is  almost  infinitely  greater  than  that  of  any  body 
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falling  on  its  sarfaoe,  its  motion  must  likewise  be  almost  infinitely 
small,  since  the  velocity  t/,  acquired  bj  the  earth  at  the  end  of  one 
second  is  as  much  less  than  the  Telocity  o,  acquired  by  the  falling 
body,  as  the  mass  of  the  body  (m)  is  less  than  the  mass  of  the  earth 
(M),  or  1/  :  V  =  m  :  M, 

64.  Centre  of  gravity  of  regular  figures. — In  case  of  solids  which 
have  a  regular  figure,  and  uniform  density,  it  is  not  necessary  to  resort 
to  experiment.  In  such  bodies,  the  centre  of  gravity  coincides  with 
the  centre  oi  figure,  and  to  find  it  is  a  question  purely  geometrical. 
The  truth  of  this  assertion  may  be  shown,  if  we  suppose  a  plane  or 
line  to  be  divided  into  two  equal  and  similar  parts,  so  that  its  mole- 
cules are  arranged  two  by  two,  with  respect  to  the  dividing  line.  Take 
any  two  molecules  similarly  situated,  on  opposite  sides  of  the  diTision, 
their  attractions  will  be  equal  and  opposite ;  and  so  also  of  every  other 
pair ;  therefore,  the  resultant  of  the  system  must  be  at  the  point  of 
division,  and  the  centre  of  gravity  is  there  also. 

The  centre  of  gravity  of  a  circle,  or  sphere,  is  at  the  centre  of  each  ; 
of  a  parallelogram  or  parallelopiped,  at  the  intersection  01  the  diagonals ; 
and  of  a  cylinder  at  the  middle  point  of  its  axis.  To  find  the  centre 
of  gravity  of  a  triangle,  fig.  30,  draw  a  line  A  D,  from  the  vertex  to 
the  middle  point  of  the   base;   it  will  30 

divide  equally  all  the  lines,  as  m  n,  drawn 
parallel  to  the  base.  If  the  triangle  is 
placed  so  that  the  line  A  D  may  be 
exactly  over  the  edge  of  the  prism  P  Q, 
each  one  of  the  rows  of  molecules  com- 
posing the  figure,  as  m  n,  will  be  in 
equilibrium  on  the  edge  of  the  prism, 
since  it  is  supported  at  its  centre.  The 
same  will  be  true  when  they  are  united, 
and  the  triangle  will  not  tend  more  to  one  side  than  another ;  hence  its 
centre  of  gravity  must  be  in  the  line  A  D,  and  for  a  like  reason,  also 
in  the  line  B  E  (situated  similarly  to  A  D),  and  therefore  at  their  inter- 
section G.  It  may  be  shown  geometrically  that  the  point,  thus  found 
divides  the  line  joining  the  summit  and  the  middle  of  the  base,  into 
two  parts,  of  which  the  one  nearest  the  vertex  is  double  that  nearest 
the  base. 

SuppcRT  OP  A  TRIANGULAR  MASS  AT  ITS  ANGLES.— If  it  Were  reqaired  to  sup- 
port a  triangular  block  of  marble  at  its  angles,  we  may  find  what  part  of  the 

Th!f  LI^'k  r  T^^'t  ^I  '^"^  '"PP^''^'  ^y  *PP*^*°«  **•«  foregoing  principle.. 
The  we-ght  of  the  block,  fig.  31,  which  wo  will  suppose  to  be  46  lb..,  U  a  force 
applied  to  It*  centre  of  gravity,  r,    We  have  stated  that  the  distance  b  g  \b  twice 
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§  df  aad  bene*  we  b*j  resolre  th«  rertieal  force  of  45  Ibt^  •etiag 


ai  ^,  into  two  otken;  ooe  of  15  lbs.  at  b,  and  the 
«Cber  of  36  Iba.  at  i<  /  bat  tbc  laat  force,  since  it  acts 
at  tbe  Middle  point  of  a  e,  nay  also  be  resolred  into 
two  otbcrs  oi  16  Iba.  eaeb,  acting  tbe  one  at  a,  and 
tba  otbcr  at  e.  Henee  tbe  weight  of  tbe  triangle  is 
e<|wiTalettt  to  tbree  equal  forces  acting  Tcrticallj  at 
its  angles ;  and  tbe  tbree  points  of  support  sustain 
equal  preasures,  wbaterer  may  be  tbe  form  of  the 
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65.  Centre  of  s^awity  lying  withont  the  body. — Tbe  seotre 
of  grmrity  is  not,  necesMirilj,  in  the  body  itself,  32 

hot  may  be  in  some  adjoining  space.  This  is 
evidently  troe  of  the  solid  ring,  fig.  32,  and 
generally  of  any  bollow  yeesel,  of  whaterer 
form. 

Of  a  coDipoand  body,  the  centre  of  gravity  is 
easily  found  by  composition  of  forces,  when  the 
weights  and  centres  of  gravity  of  the  parts  are 
known. 

66.  Eqnilibrinm  of  solids  supported  by  an  axis. — A  solid  is  in 
eqnilibrinm  when  its  centre  of.  gravity  is  supported.  This  is  according 
to  {  63.  Bot  this  condition  may  be  fulfilled  in  different  ways,  ^cording 
to  the  method  of  support.  If  a  disk  of  uniform  density,  fig.  33,  is  sup- 
ported by  an  axis,  passing  through  the  centre  a, 
which  is  also  its  centre  of  gravity,  it  will  be  in 
that  sort  of  equilibrium  which  is  called  indifferaU, 
because  it  has  no  tendency  to  revolve,  either  to  the 
right  or  left,  but  remains  at  rest  in  all  positions. 
If  the  axis  passes  through  6,  the  disk  will  be  in 
stable  equilibrium;  for  if  it  is  turned  about  its 
axis,  the  centre  of  gravity  will  move  in  the  arc  ni  it, 
and  being  no  longer  vertically  below  the  axis,  it  will  not  be  directly 
supported  by  it,  but  tends  always  to  return  to  its  former  position.  If 
the  axis  is  at  c,  the  equilibrium  is  unstable;  for,  if  the  centre  of  gravity 
is  in  the  least  removed  from  a  po'titicm  vertically  above  the  axis,  it 
cannot  return,  but  it  will  describe  a  semicircle  in  its  descent,  until  it 
eomes  to  rest  exactly  below  the  point  of  support. 

In  general  terms,  therefore,  a  body  attached  to  an  axis  may  be  in 
stable,  unstable,  or  indifferent  equilibrium,  according  as  its  centre  of 
gravity  is  below,  above,  or  upon  the  axis. 

67.  Eqnilibrinm  of  solids  placed  npon  a  horixontal  snrface. — 
In  bodies  placed  upon  a  horisontal  surface,  the  centre  of  gravity,  as  in 
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those  which  are  suspended,  tends  to  descend,  and  if  the  bodies  are  free 
to  move,  they  will  rest  in  one  of  the  positions  of  equilibrium  just 
named.  If  rays  are  drawn  from  the  centre  of  gravity  to  every  part  of 
the  surface,  some  of  these  rays  will  be  oblique,  and  some  perpendicular, 
or  normcU  to  the  surface,  whatever  may  be  the  external  form  of  the 
body ;  and  among  the  normal  rays,  there  is  generally  a  longest  and  a 
shortest  ray.  If  the  body  rests  upon  the  plane,  at  the  extremity  of  one 
of  the  normal  rays,  its  centre  of  gravity  is  evidently  in  the  vertical  line, 
drawn  through  the  point  of  contact,  and  the  body  is  in  equilibrium. 
But  if  it  rests  at  the  extremity  of  an  oblique  ray,  the  centre  of  gravity 
is  not  supported,  since  it  is  not  in  the  vertical  of  the  point  of  contact^ 
and  the  body  falls. 

If  the  normal  ray  at  the  point  of  contact  is  neither  longest  nor 
shortest,  but  simply  equal  to  the  adjacent  rays,  the  equilibrium  is  indif- 
ferent. Such  is  the  case  with  a  sphere,  placed  on  a  level  plane ;  it 
rests  in  every  position,  for  its  centre  of  gravity  can-  84 

not  fall  lower  than  it  is.  But  this  position  cannot 
be  assumed  by  a  body  not  strictly  spherical.  For 
example,  if  an  egg  rests  at  the  extremity  of  a  longest 
descending  ray,  a,  as  in  fig.  34,  it  will  be  in  unstable 
equilibrium,  since  motion  to  either  side  tends  to 
lower  the  centre  of  gravity,  and  enable  it  to  fall ;  but 
if  it  rests  at  the  extremity  of  a  shortest  ray,  a^  it 
will  be  in  stable  equilibrium,  since  any  motion  side- 
ways must  raise  the  centre  of  gravity,  and  it  will,  therefore,  fall  back 
to  its  original  position. 

68.  Centre  of  gravity  in  bodies  of  unequal  density  in  dif- 
ferent parts. — If  the  density  of  a  body  is  unequal  in  different  parts, 
iti«  centre  of  gravity  will  be  external  to  its  centre  of  magnitude,  and 
the  body  can  come  to  rest  in  only  35 

two  positions,  when  the  centre  of 
gravity  is  at  the  highest,  and  at  the 
lowest  place  in  the  vertical  of  the 
point  of  contact.  If  a  cylinder  of 
this  description  were  placed  upon  an 
inclined  plane,  as  in  fig.  35,  it  would 
be  in  equilibrium  when  its  centre  of 
iH^vity  wa.<  at  either  ^  or  a ;  if  at  f, 
•nd  the  cylinder  wore  moved  a  little  to  the  right,  the  centre  of  gravity 
w..uld  full  thrxmgh  the  arv*  t  a.  but  at  the  same  Ume  the  cylinder  itself 
wi>uld  perftirm  the  ap|^n>nt  e^mtradiction  of  ascending  the  plane 

6l>.  BquiUl>rium  of  bodies  suppoited  in  more  than  one  point..* 
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When  a  bodj  is  supported  by  two  points,  the  vertical,  from  its  centrt 
of  gravity,  ought  to  fall  on  the  centre  of  the  line  which  connects  them. 
If  a  body  has  four  points  of  support,  as  a  common  table,  the  vertical 
should  fail  upon  the  intersection  of  their  diagonals. 

In  emrrUges,  if  the  rertieal  fall«  in  a  different  manner,  the  load  is  improperlj 
distribaisd,  and  the  carriage  will  be  liable  to  apeet,  in  passing  orer  an  oneveD 
road. 

A  body  resting  on  a  base  more  or  less  extended,  will  be  in  equilibrium 
only  when  the  vertical  from  the  centre  of  gravity  falls  within  the  area 
of  the  base ;  and  the  body  will  stand  firmer  in  proportion  as  the  centre 
of  gravity  lies  lower,  and  the  base  is  broader.  A  pyramid  b,  therefore, 
the  most  stable  of  all  structures. 

The  singular  feats  exhibited  by  children's  toys,  and  by  rope-dancers,  depend 
on  the  facility  with  which  the  centre  of  gravity  is  shifted. 

(  2.  Laws  of  Falling  Bodies. 

70.  Gravity  is  a  source  of  motion. — In  discussing  the  laws  of 
motion,  we  have  already  cited  gravitation  as  a  source  of  uniformlv 
accelerated  motion.   We  have  now  to  consider  the  laws  of  falling  bodies 
and  in  doing  so  we  shall  have  occasion  to  recapitulate  some  of  the 
ground  already  passed  over. 

71.  The  laws  of  fiadling  bodies  are  five,  as  follows : 

Thb  first  law  is — The  velocity  of  a  falling  body  is  independent  ofiU 
mass. 

Gralileo  (bom  1564),  who  first  demonstrated  the  laws  of  falling 
bodies,  at  Pisa,  argued  that  if  the  molecules  of  a  body  were  separated 
from  each  other,  each  molecule  would  fall  with  the  same  velocity,  since 
each  is  solicited  by  the  same  force ;  and  if  we  conceive  these  molecules 
reunited  into  a  mass,  each  particle  still  acts  alone,  and  hence  it  is  of  no 
importance  whether  the  particles  are  many  or  few.  The  velocity  of  the 
mass  will  be  that  of  one  of  its  particles — and,  consequently,  is  inde- 
pendent of  the  mass. 

Thb  skcond  law  is — The  velocity  of  a  falling  body  is  independent  oj 
the  nature  of  the  body.  Experiment  alone  can  confirm  this  law,  which 
at  its  first  statement  appears  to  be  contradicted  by  common  obser- 
vation. 

For  example :  a  gold  coin  falls  swiftly,  and  in  a  straight  line,  bat  a  piece 
^of  paper  descends  in  a  devioas  coarse,  and  with  %  slow,  hesitating  motion. 
The  popalar  explanation  is,  that  the  coin  is  heavy  and  the  paper  light;  bat 
this  cannot  be  the  true  reason,  since,  when  the  gold  is  beaten  out  into  thin 
leaves,  its  weight  remains  the  same,  bat  the  time  of  its  fall  is  very  much 
prolonged. 
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The  differeDces  in  the  time  and  manner  of  falling  are  caused  so  elj 
by  the   rcsiBtance  of  the   air;   which  resistance  varies,  36 

according  to  the  shape  and  volume  of  the  body,  and 
not  according  to  its  mass,  or  the  number  of  particles 
contained  in  it.  This  conclusion  is  established  by  the 
guinea  and  feather  experiment,  first  devised  by  New- 
ton, who  used  a  glass  tube  10  feet  long,  arranged  as 
in  fig.  36,  with  a  stopcock  for  removing  the  air  by  an  air- 
pump.  Bodies  of  uulike  density,  as  a  coin  and  piece  of 
paper,  witliin  the  tube  will,  when  it  is  suddenly  inverted, 
be  seen  to  fall  with  equal  rapidity,  and  strike  the  bottom 
together ;  but  after  admitting  the  air,  the  one  will  descend 
swiftly,  and  the  other  will  be  retarded,  just  as  it  happens  |f| 
when  they  fall  under  ordinary  circumstances.  A  piece 
of  stiff  paper,  cut  to  the  exact  size  of  a  coin  and  placed  on 
it,  will  fall  with  it,  if  care  is  taken  to  drop  the  two  quite 
horizontally,  and  without  disturbing  the  position  of  the 
paper  on  the  coin.  This  simple  experiment  illustrates  the 
law  as  well  as  the  vacuum  tube,  the  resistance  of  the  air 
being  all  met  by  the  coin.  Thus,  when  no  resistance 
modifies  the  effects  of  gravity,  it  attracts  all  bodies  with 
the  same  energy,  and  gives  them  the  same  velocity,  what- 
ever may  be  their  weight,  and  whatever  the  kind  of  mat- 
ter of  which  they  are  composed. 

The  third   law  is — The  velocity  acquired  by  a  body 
falling  freely  from  a  state  of  rest  is  proportional  to  the  . 
iimesy  and  follows  the  order  of  the  natural  numbers  1,  2,  3, 
&c.     This   is  the   case   of  a   uniformly  accelerated   mo- 
tion, (32). 

The  fourth  law  is — The  whole  spaces  passed  over  by  a 
falling  body^  starting  from  a  stute  ofrest^  are  proportional 
to  the  squares  of  the  times  employed  in  falling — while  the 
spaces  fallen  through  in  successive  times  increase  as  tJie 
odd  numbers  1,  3,  5,  7,  &c.  The  velocity  of  a  body  when 
it  begins  to  fall,  is  nothing ;  but  from  that  moment  it  regu- 
larly increases.  Let  us  represent  the  velocity  acquired  at  the  end  of  th« 
Ut  second  by^;  then  the  average  velocity  during  the  same  time  will  be, 

the  arithmetical  mean  between  0,  the  starting  velocity,  and  o,  the  final 
velocity.     A  body  moving  at  this  rate,  will  traverse  the  same  space  in 
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one  aeoond  which  it  would  have  fallen  in  one  second ;  let  this  space 
=  s ;  then  the  space  heing  equal  to  the  product  of  the  velocity  and  the 
time,  i jf  X  I  =  «,  or  ^  =  2« ;  that  is,  the  final  velocity  acquired  by  a 
body  falling  one  second,  is  double  the  space  through  which  it  has  fallen. 
It  has  been  ascertained  that  in  latitude  45®  this  space  is  about  16  .^^^ 
feet,  (1608538  feet,  see  90) and  ^  =  32i  feet 

In  the  2d  second,  the  body  starts  with  a  velocity  o£  g  =  Z2\  feet,  and 
acquires,  at  the  close,  the  velocity  of  2g  =  &^  feet.  The  space  fallen 
during  the  same  time  is  48}  feet ;  viz.  32i  feet  by  the  velocity  acquired 
during  the  first  second,  and  16  i  feet  by  the  gradual  action  of  gravity 
in  this  second  only.  Or  as  before,  the  space  described  by  the  body 
during  the  2d  second,  is  equal  to  the  space  it  would  have  fallen  with 
the  mean  velocity  between  its  initial  and  final  velocities ;  t.  e,  with  the 
velocity 

£±??=i£^3.; 
2  2  ' 

the  space,  therefore,  =  3  X  16 Jij  =  48J  feet. 

In  the  same  way  we  find  that  the  velocity  acquired  at  the  end  of  the 
3d  second,  will  be  3^  =  96}  feet;  and  in  the  same  time  the  body  will 
have  fallen,  with  the  mean  velocity, 

2^  -f  3y   ^  5g 
2  2 

through  a  space  of  5#  =  5  X  16y»2  =  80  ^^^  feet. 

A  falling  body,  therefore,  descends,  in  the  2d  second  of  its  fall, 
through  three  times,  and  in  the  3d  second,  through  five  times  the  space 
fallen  in  the  first  second.  Or  in  the  words  of  the  4th  law,  the  sjxicet 
increase  as  the  odd  numbers, 

Wliole  space  described  by  a  falling  body. — We  have  seen  that 
the  time  of  falling,  and  the  final  velocity,  increase  in  the  same  ratio ;  and 
that  the  average  velocity  of  any  fall,  is  exactly  half  the  final  velocity, 
and  the  whole  distance  fallen  is  the  same  as  if  the  body  had  moved  at 
a  uniform  rate,  with  a  mean  velocity ;  hence,  any  increase  in  the  time 
of  falling  is  attended  by  a  corresponding  increase  of  the  average 
velocity  during  the  whole  fall.  But  the  whole  space  described  in  any 
fall  is  jointly  proportional  to  the  time,  and  the  average  velocity ;  if, 
therefore,  the  time  is  doubled,  the  body  falls  not  only  twice  as  long,  but 
also  twice  as  fast,  and  it  must  descend  through  four  times  the  distance. 
Again,  if  a  body  falls  three  times  as  long  as  another,  it  also  falls  with 
three  times  the  average  velocity,  and  descends,  altogether,  through 
nine  times  the  distance.  The  times  being  represented  by  the  order  of 
the  natural  numbers,  1,  2,  3,  ^.,  the  spaces  are  represented  by  tlieii 
squares,  1,  4,  9,  16,  kc. 
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The  fipth  law  is — A  bodtf  falling  freely  from  a  state  of  rest  acquires^ 
during  any  given  time,  a  velocity  which  ttould,  in  the  same  time,  carry  it 
over  twice  the  space  already  traversed. 

We  have  seen  that  a  body  falling  for  any  time,  acquires  a  final  Telo- 
city which  is  double  the  average  velocity  of  the  fall ;  if,  therefore,  the 
action  of  gravity  were  suspended  at  the  end  of  any  given  time,  and  the 
body  continued  to  move  with  its  acquired  velocity,  it  would,  in  the 
same  time,  traverse  twice  the  distance  it  had  already  fallen.  For 
instance,  the  space  fallen  through  in  three  seconds  is  144}  feet,  and 
the  final  velocity  is  9G}  feet ;  now  a  body  falling  uniformly,  for  three 
iseconds,  with  this  velocity,  would  pass  through  a  space  of  3  X  ^i  = 
289  J  =  2  X  144}  feet. 

Table  expressing  the  laws  of  falling  bodies. — ^The  follovring  table 
expresses  the  2d,  3d,  and  4th  laws:  (See  82.) 

Times, 

The  final  velocities, 
The  space  for  each  time, 
The  whole  spaces, 

Let  D  =  the  distance,  t  =  the  time,  F=  the  final  velocity,  and  g  =• 

the  velocity  acquired  during  the  first  second,  then  from  the  foregoing 

laws  we  may  deduce  the  following  equations,  by  which  practical  ques- 

tions  are  readily  solved. 

y 
(1.)  F=  gt,  whence  (2.)  t  =  — . 

ff 

(3.)  Z)  =  J5r^,  whence  (4)<  =  -ir    • 
By  substituting  in  (3)  the  value  of  i  (2) 


1.    2,    3, 

4. 

5. 

2,    4,    6, 

8. 

10. 

1.    3,    5. 

7, 

9. 

1.    4.    9. 

1«, 

25. 

And  substituting  (4)  in  (1), 


^=^V7=V'^^- 


72.  Verification  of  the  laws  of  falling  bodies;  Atwood*8  Ap- 
paratoa. — It  is  evident  that  the  third  and  fourth  laws  of  falling  bodies 
cannot  be  verified  by  direct  experiment;  both  because  the  results  of 
such  a  trial  would  be  disturbed  by  the  resistance  of  the  air,  and 
because  the  velocity  of  the  full  is  too  great  to  be  followed  by  the  eye. 
But  there  are  mechanical  contrivances  by  which  the  intensity  of  the 
force  of  gravity  may  be  diminished,  without  changing  its  nature.  We 
can  cause  a  falling  body  to  descend  so  slowly  that  the  resistance  of  the 


ORAVITATION. 


•ir  becomes  imperceptible,  uid  M  the 
be  obserred  irith  entire  preciaioD.  G^itea 
aaed  sn  inclined  plane  to  verifj  bii  Uws, 
bnt  a  f»r  mora  exact  form  of  apparatus  i> 
DOW  in  iwe  for  this  purpose,  called,  from  tbe 
Dame  of  its  urrtutor,  Atwood'a  apparatus 


lieal  eoluan,  aboat  Mght  Ttet  in  height,  >ur- 
■ooatcd  b;  a  laif*  wbMl,  muiiDK  "ith  the 
Im«(  poiiibla  fticUoB,  and  npon  which  ij  lu- 
paodad  a  tiM  lOk  oord,  BarrjiDg  eqaal  weighu, 

inehea  u  w**^*^  ofl  tb«  itHidard,  piralkL  U>  tbs 
path  of  oneoftlw  WBigfaU,  tomcBaiirfi  th«  apmcei 
tbrongb  wbieh  it  falla,  ud  tha  currespandins 
tinei  an  ihown  bj  tbe  »caiiida  pcndnlam.     To 

beal  or  tbo  paadnlam,  tha  might  ii  Ht  in  mu- 
lioa  bj  the  fail  of  tha  Ubict  H,  whlEh  ii  rrleued 
bj  Iba  adion  of  aa  ataclro-ma^ct,  Q,  (gecD  no 
a  larga  teaio  in  tg.  38),  astiag  ■■  will  pnuntlj 
ba  aipiainad.  Tba  weigbu  B  and  B'  bciog 
•qnat,  lbs  fonsa  of  gisTitj  baa  no  affaet  upun 
tham,  aod  thejp  remain  at  rcat  in  anj  poiition. 
But  lei  ona  of  tbcm,  ai  B,  ba  iocreaeed  hj  a 
null  wlditional  weigbt,  B",  and  the  eqni- 
UbrioD  will  ba  immadialalj  diilnrbed.  Tba 
weight  of  B"  being  tbs  ODl;  diatorbing  tortt, 
the  iBOUDD  prodnnd  ia  of  the  lame  kind  aa  the 
motion  of  a  iMdj  falling  frealj,  bat  (be  rata  of 
aeeelaralioD  and  tbs  *pac«  fallen  tbraagb,  aro 
•acb  u  mneb  laaa  ai  tbe  maai  of  B"  ii  leii  tbu 
the  eoBbinsd  mauea  of  B"  +1B. 

Tbe  form  aad  nlMion  of  B  and  B"  are  more 
deailr  itaowD  in  tbe  aalarged  ecals  of  flg.  38. 
For  ciaaiple ;  let  B"  ba  a  qaailar  of  an  onnca, 
and  tbe  waigbU  B  and  B'  be  eaob  74  onneai, 
or  VII  qnartar  onneea.  Tb*  whole  maia  to  be 
aorad,  b^  tba  action  of  graTitj  npon  B"  onlj, 
\m  m  Cimaa  tha  walght  of  B",  and  tbarsfore  Ibe 
nioeitj  imparted,  and  the  ipan  fallen  tbrongfa, 
mnat  be  lH  timet  leu  than  the  Telocity  ud 
•pica  of  B"  Ulins  fresly. 

Id  ths  apparalaj  hen  flgorad,  tbs  beata  of 
the  leeaDdi  pandnlnm  an  aanonnced  bj  the 
bell,  wboia  haumsr,  [,  i>  gtmek  bj  the  electro- 
magnet, a,  aa  neall;  eonttrocted  b;  Bitcbi*. 
1  poiDt,  E,  on  the  pendnlnm  rod,  jnal  tonchai 
tk"  rartieal  Una,  and  tba*  eompletea  for  i 
SaU«i7,  vboaa  !-"■'»»'  wirai  an  ihova  at 
7» 


of  the  Ul  Duj  then 
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.0   PLiriDB, 
lure.  Q'  I',  1 


■  iipoD  tbe  bell.  >I  e»b  5< 


Ll>v  ace 

»Ui  lK»t«  Of  0«  iHonda  peDduluiD  during 

the   ilio 

rt  psHod  at  •  iIdsIo  experlmenl.     Nn*  B, 

withB 

(tUohed  to  i^  •rill  fiill  froia  th«  tobtat  U, 

M  the 

niMpt  Uie  em  iound  at  Ibe  bell  ii  heard. 

S  thD  flrit  ««ing  of  Che  peadalutn.     At  tbo 

bnvB  fullati  eiaeUy  1  incfa  ; 
throngh  Ibr«e  inobBa  more 
IhroDgta  b  inebti;  during  t( 
Inohe*,  to.,  BDcordiDg  to  tbi 

In  tbe  i&me  experiment  il  ap 
apaiw  Eklleo  through  al  the  end 
I  Inch;  at  the  *nd  of  tbs  !d 


fourth  law. 
appeara.  that  the 
Dd  of  tbe  lit  lew 
lecond,  «  Inch 


nd,  9  in 


irdlng  to  tbe  Si 

>nd  &lh  laws,  it 
inx  foreo  at  a  g 
rd  bj.  gi*ing  l< 

3  thowa  in  Gg. 


•cond,  »nd  B  »ill  d»awnd 
ding  aooond.     If  tbo  r<Dg  ia 
9  end  of  two  aecDDda.  and  B 
By  the  nae  of  tl 


irae  iritli 

uled  OD  bj.  (bo  gravit; 
By  BBcimd  ia  delenaioed  by  tbe  xpae* 
f  the  aUge  C  la  Sard  at  tba  dialaCM 
le,  B"  •rill  be  detarhed  at  the  end  of 
nnifonnly  through  Iwo  incbta  during 
fiiod  at  tlie  r»urlh  diTUInn,  (he  bar  «U1 
id  B  irill  pua  on  at  the  rato  of  fDiir  iDohei 

n  of  the  tmlh  of  Oalileo'a  \m  at  faUing 


Moiin'a  AppaxatuB. — Another  apparataa  for  the  Teri 
iir>  haa  been  oontrlogd  by  Morln,  a  French  phyaioiat.  In  ahlf 
le  falling  body  ia  not  retarded,  and  the  error  from  atniaepl 
lads  ioFanilderAble  by  (be  use  of  a  large  volghL  The  fatting  body  eurio  ft 
h  marki  a  line  on  >  rapidly  rerolrlng  Tertic.al  cylinder,  ooTarsd  with 
divided  by  rertioal  and  horitonlal  lino*,  repreienling  teapecUiely 
lUDce.  Tbe  line  drawn  by  the  crayon  earried  by  tbe  falling  body  ii 
wfaoto  di4lnn»  frani  each  diviiion  on  ila  rertU 


eray( 


.  afthBi 


I  of  the  I 


73.  Application  of  tba  lawa  of  foiling  bodiea.— The  lain  of 
railing  bodien  applj  equall;  to  every  motioD  produoed  b;  a  unifonn 

force  or  pressure. 

In  every  aneh   tnolion,  the  rolndtiw  are  pTOportional  to  the  Umea  olapeed 
•ioM  tba  million  began;  Ifaa  fiual  velouity  ia  twipe  the  inerngo  Telocity;  tha 
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•pseet  dewribed  in  eqiuU  ineecMiTe  timefl,  iimeaM  m  the  odd  niunben ;  and 
tike  whole  «pfte««  isereaM  m  the  fqoares  of  the  time*  in  which  thej  are  described. 
Bat  in  each  ijuunee  the  Telocitj  acquired,  aod  the  space  described  in  a  ^ren 
tine,  will  be  different :  and  the  rate  of  acceleration  will  nerer  be  so  rapid  as  in 
the  case  of  a  body  falling  freely,  becanse  in  no  other  instance  will  the  force  be 
•o  great  in  proportion  to  tJbe  qoantity  of  matter  mored. 

74.  Descent  of  bodies  on  inclined  planes. — When  a  body  is 
placed  upon  an  inclined  plane,  it  descends,  as  just  explained,  with  a 
oniformlj  accelerated  motion,  bat  its  Telocity  is  less  than  that  of  a  body 
Calling  freely.    The  weight  of  the  body,  39 

or  its  graTitation,  represented  by  the  line  ^ 
eg,  fig.  39,  it  reaoWed  (50)  into  two 
components,  one  of  which,  ef  (or  p  g),  is 
perpendicular  to  the  plane,  and  produces 
pressure  only,  and  the  other,  ep  (orfg), 
is  parallel  to  the  plane,  and  is  the  cause 
of  the  accelerated  motion.  The  triangles 
tfg  and  abe  being  similar,  their  cor- 
responding sides  are  proportional,  and 
we  have 

fg  '.eg  =:  ac.  ah; 

that  is,  the  rate  of  acceleration  on  an  inclined  plane,  is  to  that  of  a  body 
£Uling  freely  as  the  height  of  the  plane  is  to  its  length. 

The  final  Telocity  depends  on  the  height  of  the  plane.  In 
fig.  4#,  let  a  e,  the  height  of  the  plane,  be  ^  of  its  length  a  6 ;  a 
ihoL,  thai  part  of  the  weight  of  the  body  which  produces 
saotion,  is  ^  of  the  whole  furce,  and  the  Telocity  acquired, 
asd  the  space  traTersed  in  one  second,  by  the  action  of  this 
force,  woald  be  ^  of  the  Telocity  and  space  of  a  body  falling 
freely.     Lei  the  line  a  f  represent  16-U  feet,  and  take  a  <f, 

eqaal  to  |  of  a/;  then,  a  body  starting  from  a  would  arriTe 
ai  ^  in  one  aeeond,  or,  falling  freely,  it  would  reach  /  in  the 
ixae  time. 
I>raw  the  horixontal  line  t  d ;  the  ratio  of  a  «  to  a  <f  is  the 

as  the  ratio  of  a  c  to  o  6 ;  that  is,  a  «  is  equal  to  ^  of  a  <f ;  and  a  d  haTing 
beco  taken  equal  to^ofa/^aeislofa/.     Since  the  spaces  increase  as  tha 

sqnares  of  ibe  times,  the  body  thai  would  fall  to  /  in  one  second  would  fall  to 
«  in  i  of  a  Mcond ;  and  (3d  law)  the  Telocity  acquired  at  e  would  be  )  of  the 
%el'*citT  acquired  at  /.  But  we  haTC  already  seen,  that  the  Telocity  acquired 
^T  a  bq<dy  descending  to  <{,  is  ^  of  the  Telocity  acquired  by  the  same  body 
falling  to  /,  in  the  same  time;  hence  the  Telocity  of  a  body  descending  the 
inclined  plane  to  <f ,  is  equal  to  that  of  a  body  falling  freely  to  e ;  and  generally — 

The  vdocitg  acquired  at  any  given  point  on  an  inclined  plane,  if 
proporiiomd  to  the  vertical  distance  of  tJuU  point  below  the  point  of 
dtpariare. 
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From  this  it  also  follows  that  the  average  velocities  are  the  same  in 
descending  all  planes  of  the  same  height ;  and^  therefore^  the  times  of 
descent  are  proportional  to  their  lengths. 

75.  Descent  of  bodies  on  cnrves. — It  was  shown  by  Galileo  that 
all  bodies  starting  from  a  horizontal  plane  with  equal  initial  velocities 
arrive  at  the  level  of  a  second  horizontal  plane  with  equal  velocities, 
whatever  kind  of  curve  they  may  have  passed  over.  Thb  is  a  general 
truth  of  which  the  statement  at  the  close  of  the  last  paragraph  is  only 
a  particular  case.  From  these  principles  it  follows  that  the  velocity 
acquired  in  descending  any  regular  curve  is  the  same  as  would  be 
acquired  in  falling  freely  by  gravity  through  the  same  vertical  height. 
But  the  time  of  descending  a  curve,  concave  upwards,  is  less  than  is 
required  to  descend  an  inclined  plane  between  the  same  points,  while 
for  descending  a  curve  convex  upwards  a  greater  time  is  required. 

76.  Brachystochrone ;  or  curve  of  swiftest  descent. — it  was 
demonstrated  by  J.  Bernoulli,  and  is  confirmed  by  experiment,  that 
a  body  descending  a  cycloid,  whose  base  is  horizontal,  reaches  its 
goal  in  less  time  than  by  any  other  path  between  the  same  points.  The 
cycloid  is  a  plain  curve,  described  by  41 

a  point  on   the  circumference   of   a  7/ 
wheel,  rolling  on  a  level  surface  with- 
out slipping.     The  curve  hd  m  the 
triangle  hkd,  fig.  41,  is  part   of   a 
cycloid. 

At  first  it  would  seem  that  the 
straight  line  hd,  being  an  inclined  plane,  would  be  the  brachy- 
stochrone, since  it  is  shorter  than  the  cycloid  joining  the  same  points, 
but  the  latter  descends  very  rapidly  at  first,  and  so  the  falling  body 
acquires  near  its  starting  point  a  much  higher  velocity  than  it  would 
on  the  inclined  plane.  This  increased  velocity  it  adds  to  each  of  its 
subsequent  movements,  and  though  its  velocity  on  arriving  at  d  is  no 
greater  than  if  it  had  passed  down  the  inclined  plane,  it  arrives  there 
in  a  shorter  time  than  it  could  by  any  other  path.  Another  curious 
property  of  the  cycloid  is,  that  a  body  will  descend  from h  to  din  this 
curve,  in  the  same  time  it  would  descend  to  d  from  any  intermediate 
point  in  the  cycloid. 

77.  Action  and  reaction  of  a  falling  body.— On  arriving  at  the 
bottom  of  a  plane  or  curve,  a  body  will  have  acquired  (5th  law)  a  velo- 
city, such  as  would  carry  it,  in  the  same  time,  over  a  distance  equal  to 
twice  the  length  of  the  descent,  or  cause  it  to  ascend  another  similar 
curve.  The  ascent  of  the  body  being  opposed  by  the  constant  force  of 
gravity,  will  be  retarded  at  a  rate  which  exactly  corresponds  with  itP 
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prerkms  aeeekratum.    On  the  double  canre  ABC,  fig.  42,  the  body 

will  hare  equal  Teloeities  at  any  42  * 

two  points  at  the  same  lerel,  as  at 

£  and  D ;  and  the  reloeity  being 

nothing  when  the  body  has  arriTed 

ml  C,  it  will  descend  again  and 

moant  to  A,  the  point  from  which 

it  first    started.      This  alternate  B 

DioTement  being  eaosed  by  the  constant  force  of  gravity,  would  con. 

tinoe  for  ever,  and  famish  an  instance  of  perpetual  motion,  were  it  not 

for  the  resistance  of  the  air  and  friction,  by  which  the  body  is  gradually 

bfoogbt  to  rest  at  B. 

The  pendaliun  ia  so  exsmple  of  a  body  sltemstely  ascending  and  descending 
a  rerj  nnaU  eirenlar  earre. 

2  3.  Measure  of  the  Intensity  of  Gravity. 

I.    PENDULUM. 

78.  The  pendalmn. — Any  body  suspended  by  a  flexible  cord,  or 
wire,  fnim  a  fixed  point  of  support,  is  a  pendulum.  A  plumb  line  is 
a  pendulum,  and  when  it  is  at  rest,  as  we  hare  seen  (60),  it  shows  the 
exact  vertical,  and  indicates  the  direction  of  the  force  of  gravity.  But 
if  ii  is  moved  from  the  perpendicular  into  any  other  position,  and  lefi 
to  fall,  the  pendulum  swings  in  a  vertical  plane,  and  rises  on  the  other 
side  of  the  vertical  to  a  height  equal  to  that  from  which  it  had  fallen. 
The  cause  of  these  alternate  movements  is  gravity,  and  the  motion  is 
called  an  oteiUaiion, 

To  aid  in  the  study  of  the  movements  of  the  pendulum,  mathema- 
tieians  distinguish  between  the  simple^  or  mathematical  pendulum,  and 
the  compound^  or  phyncal  pendulum. 

79.  Properties  of  the  simple  pendalmn. — The  simple  pendulum 
eoosists,  by  mathematical  conception,  of  a  single  heavy  particle  of 
natter,  suspended  at  the  extremity  of  a  line,  without  weight,  inexten- 
sible,  and  perfectly  flexible.  Such  an  instrument  is  purely  ideal,  and 
is  eoficeired  of  only  as  a  convenient  means  of  investigating  the  laws  )f 
the  rcsL  ot  physical  pendulum. 

Let  C  yit  fig.  43,  be  a  simple  pendulum^  in  a  vertical  position,  an  1 
conseqaently  in  equilibrium.  If  it  is  moved  to  the  position  C  m,  the 
weight  m  P,  acting  at  the  point  m,  is  decomposed  into  two  components, 
m  B  acting  in  the  direction  C  m,  and  consequently  destroyed  by  the 
resistance  of  the  point  of  sup|iort,  and  m  D  perpendicular  to  C  st, 
whieh  flolieits  the  retom  of  ts  to  the  position  of  equilibrium.    This  "jtM 
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component  is  equal  to  g  sin.  a ;  calling  g  the  accelerating  force  of  grayitj, 
represented  by  hi  P,  and  a  the  angle  m  C  M,  op  4* 

D  A  m,  which  is  the  same  thing. 

It  is  plain  that  the  component  m  D  must 
diminish  with  the  angle  a,  that  is  in  proportion 
as  the  pendulum  approaches  the  point  of  equi- 
librium C  M.  The  accelerated  velocity  of  its 
fall  is  therefore  not  a  case  of  uniform  accelera- 
tion, since  it  becomes  null  when  the  pendulum 
is  vertical. 

The  pendulum  does  not  however  rest  at  M, 
but,  in  virtue  of  its  acquired  velocity  (momen- 
tum), it  rises  through  an  equal  ascending  arc, 
M  n,  with  a  retarded  motion,  since  the  compo- 
nent of  gravity,  tangent  to  the  arc  described,  is 

now  turned  in  the  opposite  direction — so  that  this  component  diminishes 
the  velocity  at  each  point  of  M  n^  by  a  quantity  equal  to  the  increase 
of  velocity  acquired  at  the  corresponding  points  of  m  M,  and  equi- 
distant from  M.  Thus  the  acquired  velocity  is  entirely  destroyed  when, 
the  pendulum  has  passed  over  the  arc  M  n,  equal  to  M  m.  At  n  it 
rests  for  an  inappreciable  instant,  afler  which  it  returns  again  to  M, 
mounts  to  m,  and  would  thus  continue  moving  for  ever  like  the  ball 
rolling  in  a  double  curve  (77),  supposing  it  met  no  resistance  from 
friction  and  the  air. 

Each  swing,  from  n  to  971,  or  m  to  n,  is  called  an  oscillatwn,  and  one 
half  the  angle  n  G  m,  or  one  half  the  arc  n  m,  which  measures  it,  is 
called  the  amplitude  of  the  oscillation.  The  time  occupied  in  describ- 
ing the  arc  m  n  is  the  time  or  duration  of  an  oscillation.  The  angle 
of  elongation  n  0  M,  or  M  0  m,  measures  the  deviation  of  the  pendu- 
lum from  the  vertical. 

80.  IsochroniBm  of  the  pendulum. — From  the  last  section  it  is 
evident  that  the  movements  of  the  pendulum,  on  each  side  of  the  verti- 
cal, are  made  in  equal  times.  But  it  is  also  true  that  the  duration  of 
an  oscillation  is  always  the  same,  in  the  same  locality,  and  provided 
the  angle  of  elongation,  n  C  M,  fig.  43,  does  not  exceed  4^  or  5^. 
Within  this  limit  the  time  of  oscillation  is  sensibly  the  same,  and  the 
pendulum  requires  as  much  time  to  describe  an  arc  of  one-tenth  of  a 
degree  as  one  of  ten  degrees.  The  explanation  of  this  curious  and  most 
remarkable  fact  is  to  be  found  in  the  varying  length  of  the  component 
D  m,  fig.  43,  which  increases  with  the  angle  of  elongation.  Hence, 
the  greater  length  of  arc  is  exactly  compensated  by  the  greater  velocity 
with  which  the  pendulum  describes  it.    This  is  what  is  meant  by  the 
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uodkrtmum  of  the  pendalani — from  two  Greek  words,  meaQiog  equal 
tiwus.  This  uochronism  is  not,  however,  abeolate,  unless  the  ampli- 
tude of  the  oscillation  is  infinitely  small. 

81.  Fomralse  for  the  pendnlam. — The  property  of  isochronism, 
and  the  other  properties  of  the  simple  pendulum,  when  the  amplitude 
is  infinitely  small,  are  oomprised  in  the  formula — 


■"^- 


T. 

/representing  the  duration  of  an  oscillation,  I  the  length  of  the  pen- 
dolam,  3r  the  relation  between  the  circumference  and  diameter  of  a 
eircle  (equal  to  3*1416),  and  g  the  accelerating  force  of  grayity. 

If  the  amplitude  of  the  oscillations  is  not  infinitely  small,  the  formula 
becomes,  for  ordinary  limits. 


V 


g    ^        lor/ 

where  a  is  one-half  the  length  of  the  arc  n  m,  fig.  43.  It  requires  the 
aid  of  the  higher  mathematics  to  demonstrate  these  formulae  fully,  but 
we  may  deduce  from  them  the  following  important  propositions : 

82.  Propoaitioiis  respecting  the  simple  pendolnm. — Ist  OscU- 
laiiont  of  nmali  ampiitude  are  made  in  times  sensibly  equal.  By  substi- 
tuting in  the  first  formula  /  =  39*14056  inches,  as  determined  by  experi- 
ment, for  the  seconds  pendulum  at  London,  and  let  7"=  1',  we  shall 
find  the  accelerating  force  of  gravity,  p  — 32*175  feet  Substituting 
these  ralues  of  g  and  /  in  the  second  formula,  and  also  a  =  3*  1416  -s-  90 
=  0*0349,  we  shall  have  for  the  time  of  vibration  when  the  elongation 
is  four  degrees  on  each  side  of  the  vertical  T=  1*000076,  which  differs 
from  the  time  of  vibration,  when  the  arc  of  vibration  is  infinitely  small, 
by  only  seventy-six  millionths  of  a  second. 

2d.  Tke  duraiion  of  an  oseSiation  in  pendulums  of  different  lengths^ 
is  proportional  to  the  square  root  of  the  length  of  the  pendulum.  This 
law  may  be  demonstrated  experimentally  by  comparing  pendulums  of 
different  lengths.  If  the  lengths  are  in  the  ratio  of  1,  4,  9,  then  the 
times  of  oscillation  will  be  as  1,  2,  3,  respectively.  Let  three  such 
pendulums,  arranged  as  in  fig.  44,  commence  to  oscillate  at  the  same 
time ;  it  will  be  found  that  the  one-foot  pendulum  makes  two  oscilla- 
tions fot  each  oscillation  of  the  fuur-foot  pendulum,  and  three  oscil- 
latknis  for  each  one  made  by  the  nine-foot  pendulum.  The  time  of 
eeeillstion,  and  the  length  of  the  pendulum  being  known,  we  may 
detemine  by  this  law.  1st,  the  length  of  a  pendulum  which  would 
oscillate  in  any  proposed  time ;  and,  2dly,  the  time  of  oscillation  of  a 
feodnliuB  of  any  proposed  length.     For  the  times  of  oscillation  are  as 
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tho  square  roots  of  the  lengths,  or,  what  is  the  same  thing,  the 
lengths  are  as  the  squares  of  the  times.  44 

Or  mathematioally,  by  substituting  in  the  first  equation 


f81)C 


=>/^ 


which  Is  a  constant  quantity  at  any  giren 


place,  the  equation  becomes  T=  C\/ 1,     For  a  pendulum  of 

any  other  length,  as  I'f  we  have  V  =  C\/  I'    and    comparing 
the  two 

T:  T'  ^i/TTy/TT      and  also 

3d.  In  a  pendulum  of  invariable  length  the  duration 
(8  inversely  proportional  to  the  square  root  of  the  inten- 
sity of  gravity.     Hence, 

1  1 

T:T'  =  -^—:-^  =  ^-^ 


i/9  '  i/sf'  ~^^'  -y^' 

where  g'  and  g  represent  the  intensity  of  gravitation  at  two 
places. 

83.  The  physical  or  compound  pendulum:— Cen- 
tre of  oscillation. — The  simple  pendulum,  as  already 
remarked,  is  only  an  intellectual  conception,  and  cannot 
be  realized  in  experiment.  Practically,  we  employ  for  the  physical 
pendulum  a  heavy  body,  suspended  by  an  inflexible  rod  from  a  fixed 
point.     The  axis  of  suspension  is  usually  a  knife  46 

edge  of  steel,  resting  on  polished  agate  planes,  or 
hard  steel.  In  the  physical  pendulum  the  rod  has 
weight  as  well  as  the  ball ;  and  nearly  all  the  ma- 
terial points  of  both  rod  and  ball  are  placed  at 
different  distances  from  the  point  of  suspension. 
Let  us  examine  the  oscillations  of  any  two  of  these 
material  points,  m  and  n,  fig.  45.  If  they  were 
suspended  by  separate  threads,  then,  according  to 
the  3d  law,  m  would  oscillate  more  rapidly  than 
n ;  but  if  they  are  suspended  by  the  same  inflex- 
ible wire,  they  must  move  together,  and  make 
their  oscillations  in  the  same  time.  The  first 
accelerates  the  second,  and  the  second  retards  the 
first,  so  that  their  common  velocity  is  intermediate  between  the  yelooi^ 
of  either  of  them,  oscillating  alone.  Such  a  compensation  takes  place 
in  every  oscillating  body,  and  between  the  particles  which  are  nearer 
and  those  more  remote  from  the  point  of  suspension,  there  is  always  a 
point  so  situated  that  it  is  neither  accelerated  nor  retarded,  but  oscil- 
lates exactly  as  if  it  were  suspended  alone,  at  the  end  of  a  thread. 
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wilfaoQt  weight  This  remarkable  point  b  called  tlie  centre  o/'oiMrtZZo- 
tUm  ;  and  its  distance  from  the  point  of  snupension  is  the  length  of  the 
pendolom.  This  is  eqoal  to  the  length  of  a  simple  pendalom  which 
woold  oscillate  in  the  same  time  as  the  physical  pendulum. 

The  positiMi  of  the  centre  of  oscillation  depends  npon  the  form,  mag- 
■ttade,  and  denmtj  of  the  several  parts  of  the  pendulum,  and  the  po^i- 
tioB  of  its  axis.  If  the  rod  of  the  pendulum  is  thick  in  proportion  to 
the  ball,  its  centre  of  oscillation  will  be  higher  than  in  a  contrary 
arrangemeoi.  It  is  always  below  the  centre  of  grsTity,  although  what- 
ever raises  or  lowers  the  centre  of  gravity  will  change  the  centre  of 
oscillation  in  the  same  direction.  Whaieter  may  be  the  pasiiions  of  the 
point  of  smspenshn^  and  the  centre  of  otcUlcUion^  they  are  always  inter^ 
ekangeaHe:  iL  c,  if  the  pendulum  is  suspended  by  its  centre  of  oecill*- 
tioii«  these  two  points  exchange  their  functions,  and  the  oscillations  are 
made  in  the  same  time  as  before.  It  is  by  an  experiment  of  this  kind, 
that  the  centre  of  oaeillation,  and  consequently  the  length  of  a  pendu- 
lam,  is  determined.  This  remarkable  property  of  the  compound  pen- 
dolnm  was  first  demonstrated  by  Huyghens. 

81.  Apfriication  of  the  pendulum  to  the  measurement  of 
time. — Galileo,  to  whom  we  owe  the  discovery  of  so  many  important 
physical  laws,  discovered  also  the  properties  of  the  pendulum.  When  a 
choir  boy  in  the  great  Cathedral  of  Pisa  (from  whose  bell  tower — ^the 
leaning  iawer  of  I^sa — he  demonstrated  long  afterward  the  laws  of 
falling  bodies),  and  not  yet  eighteen  years  of  age,  hb  attention  was 
arrested  by  the  great  regularity  of  the  movements  of  a  lamp  suspended 
by  a  chain  from  the  ceiling  of  the  cathedral.  This  observation  led  him 
tu  the  discovery  in  question.  Although  Galileo  attempted  to  employ 
the  pendulum  to  measure  time,  it  was  the  great  Dutch  philosopher. 
Christian  Y.  Huyghens,  to  whom  we  are  indebted  for  the  invention 
(in  1656)  of  the  dotk  eaeapementj  by  means  of  which  the  pendulum  is 
made  to  perfimn  its  proper  function  as  a  time-keeper.*  This  apparatus 
is  seen  in  fig.  46. 

Ao  obliqiie-toollied  wbssl,  B,  ealled  a  racket  wheel,  is  mowed  by  m  weight  and 
eord.  This  motiotn  is  eontroUed  bj  a  piece,  a  h,  called  the  anchor  escapemeot, 
plaeed  above  ths  wbed  so  as  to  oscillate  on  its  axis  of  suspension,  o  o%  at  right 
aagles  to  the  whed.  The  oscillatory  motion  is  imparted  to  the  anchor  a  6  b j 
the  iwiidslsw  e  P,  wbieh  is  made  to  communicate  with  the  axis  o  o'  by  tho 
eroCehci  •/.    If  tho  pcndnlam  is  vertical  the  apparstns  is  at  rest,  for  then  the 


*  **  Tho  Arabiaa  astiunomers,  and  more  especially  Eo-Joni; ,  at  the  close  of 
the  tenth  eentnry  and  daring  the  brilliant  epoch  of  the  Abba««idtan  Califs,  first 
smployed  thooe  vibrations^  (of  the  pendalom)  *'  for  the  determination  of  time.'* 
Hmmhotdem  Oo9mo9,  VoL  &,p.  19.) 
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•fiml  bf  furee  of  Iho  neiglit,  nnlii  Ibo  oth.t     ^ 
puiut  of  lli<  cscii|iritDriut  n  ftgaia  ftrroita   iU      ^ 
umlion;  but  Uie  rutarn  iwing  of  tha  peDdalum 
ill  iu  lam  di9«ngitgui  a,  anil  Ifaa  wheel  It  rs- 


,    Thorn 


tUo  wbtol  K  it  till 
adrumi,  >nc(»sdiDg  e*ah  other  rsgnlarlj  wilb 
Itau  oaaitlalloiu  of  tba  pandulnm.     Tbo  pointa 
of  th<  lOBtb  OD  Iho  raihct  irboel,  uiil  >Uu  tbe 
poinU  of  Iho  ospapemoiit  naahoi,  aie  curefull]'    ^ 
rarniBd  to  oO'ur  the  least  pOBtiblo  fricliou  aod  J 


Ths  pendulum  and  oacapemi 


t  olook 


prssiura  at  erer;  uring  oC  Iho  pendulum,  luffi- 
cienl  lo  counlenwt  the  reUxding  force  uf  tria- 
UoD   to  irbloh  Cbe  peodulam  u  inbjoct.     Tbo 
tnin   of  wbnel-work,  of  Hbieh    (hs  rlock   la  p  /jA 
oompOBod,  norvoa  lo  rsoord  tbo  viliraiioni  ut         hM 
lbs  pondulum,  nod  indiaato  at  ouce  lo  Ihv  ob-         \W 
,««r  tbe  progress  of  time.  J 

Si.  Gyoloidal  pendulum. — Oiring  to  the  resiBttince  of  the  air,  and 
to  &i«tmii,  li  pondulum  unoonneoted  with  other  inaohinery  has  tho 
(iai|>lilu<)o  (if  iu  vihratioDs  gradually  d'uninixheii,  and  vl'jmtionB  vary* 
ing  greatly  lo  amplitude,  vary  Tcry  Heosibly  in  tbe  time  -n  which  they 
Are  perfurmed.  Tu  make  Tibrutions  oF  diOerent  tunplituds  absolutely 
isochronous,  Huy};hciis  conceived  the  Idea  of  making  the  pendulum 
describe  o  cjclu id,  whioh,  it  will  be  remembered,  is  the  curve  of  swiftest 
detwcDt  (TO).  The  vlbratiaas  of  such  a  pendulum  would,  in  theory,  b« 
nlMiilutrly  inochrououH;  but  the  mechanical  difficulties  in  the  tray  of 
adapting  the  pendulum  to  motion  in  this  eurfe  Turbid  its  adopdon. 

A  loDg,  heiTy  pendulum  Tibialing  In  a  vety  smalt  otrcnlar  irr,  iR  r-innd  In 
praetioe  tho  u»sl  porrccC,  and  is  for  itaiii  ruiuon  gonpnlly  nsDd  in  ■strnnumisat 
eluok".     Tho  auureea  of  error  in  the  l-Im-X  arioing  fr-ini  inoquuliliot  of  Vrnpoti- 


80,  Physical  demoQHtiatloa  of  the  lotatloa  of  the  earth  by 
means  of  the  pendulum. — Mr.  Leun  Fnucauli,  iu  185t,  executed  the 
first  phy.'iiR^il  demuristration  tliitt  had  been  made  of  the  rotntiun  of  iL* 
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earth  upon  iU  axifl.  This  remarkable  and  most  intereetiDg  experiment 
ooDBisU  in  siupendiDg  a  heavy  ball  to  a  long  aod  flexible  wire,  and 
allowing  the  whole  to  Tibrate  freelj,  io  tbe  inaoDer  of  a  pendulum. 
Under  these  circuintances  it  will  be  found,  in  these  latitudes,  that  the 
plane  of  Tibration  gradoallj  changes  its  position,  turning  slowly  from 
east  to  west»  or  with  the  motion  of  the  hands  of  a  watch. 

Tbe  connection  between  the  motion  of  the  pendulum  plane  and  the 
earth's  rotation,  maj  be  easily  understood.  A  pendulum  set  in  motion 
will  continue  in  the  same  plane  of  Tibration,  however  the  point  of  sus- 
pension may  be  rotated.  This  may  be  proved  by  holding  in  the  fingers 
a  pendolom,  made  of  a  simple  ball  and  string,  and  causing  it  to  vibrate. 
Upon  twirling  the  string  between  the  fingers,  the  ball  will  rotate  on  its 
axis,  without,  however,  affecting  at  all  the  direction  of  its  vibrations. 
The  reason  for  this  is  obvious ;  the  swinging  pendulum,  when  about  to 
retam  (after  an  outward  oscillation)  from  its  point  uf  rest,  is  made  to 
move  from  that  point  by  gravity  alone,  and  can,  therefore,  fall  in  but 
one  direction. 

If  a  pendulum  were  oscillating  at  either  of  the  poles  of  the  earth,  the 
plane  of  revolution,  as  it  would  not  change  with  the  revolution  of  the 
earth,  would  mark  this  revolution,  by  seeming  to  revolve  in  a  contrary 
direction,  and  in  24  hours  it  would  make  apparently  the  whole  circuit 
of  3G0  degrees.  But,  at  the  equator,  the  plane  of  vibration  is  carried 
forward  by  the  revolution  of  the  earth,  and  so  undergoes  no  change 
with  reference  to  the  meridians.  Between  the  equator  and  the  poles, 
the  time  required  for  the  pendulum  to  make  300°,  varies  according  to 
the  latitude,  being  greater  the  further  from  the  poles. 

The  observed  rato  of  motion  of  the  plane  of  vibration  nearly  coincides 
with  that  indicated  by  calculation.  Thus,  at  New  Haven  (N.  lat.  41' 
18}^),  the  calculated  motion,  per  hour,  was  9*928^  the  observed  motion 
was  9•97^   (C.  S.  Lyman.) 

Tbe  greatest  length  of  the  pendulum  wire  hitherto  employed  was  that 
of  220  feet,  in  the  Pantheon  at  Paris.  At  Bunker  liill  Monument  it 
was  210  feet  long ;  at  New  Haven  71  feet.  The  weight  of  the  ball  em- 
ployed (usually  lead),  has  varied  from  2  to  90  pounds.  The  longer  the 
wire,  and  the  heavier  the  ball  of  the  pendulum,  the  greater  will  be  the 
pn^baJiility  of  accurate  results,  for  when  the  mass  of  the  body  is  great, 
and  its  motion  slow,  the  resistance  of  the  air  will  have  but  com  para- 
ively  little  effect  on  the  direction  of  the  vibration. 

87.  The  pendalnm  applied  to  the  study  of  gravity. — By  the 
)endulum  we  ascertain  more  accurately  than  by  any  other  method  the 
ruth  of  tbe  first  law  of  falling  bodies ;  viz.,  that  gravity  acts  equally 
ipon  maUer  of  every  description  (71).     Newton,  and  more  recently 
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Bessel,  ^'erified  this  law,  by  using  a  pendulum  having  a  hollow  ball, 
which  was  filled,  successively,  with  various  substances — metals,  ivory, 
meteoric  stones,  wool,  feathers,  liquids,  &c. — that  could  not  be  otherwise 
submitted  to  trial.  This  experiment  affords  the  most  precise  and  unmis- 
takable evidence  that  gravity  (g)  acts  on  all  bodies  in  the  same  manner. 
Since  ic  is  a  constant  quantity,  the  formula  for  the  pendulum  shows 
that  if  T  and  I  do  not  vary,  g  remains  also  constant. 

88.  Use  of  the  pendulom  for  measoring  the  force  of  gravity- — 
The  value  of  the  term  g  for  any  place  may  be  easily  obtained  mathe- 
matically (the  length  of  a  pendulum  which  oscillates  in  a  given  time 
(T)  being  known),  by  transposing  the  formula  for  the  pendulum  (81) ; 
thus  we  have  for  the  intensity  sought — 

g  =  -^,     and  assuming  T equal  unity,  then  I  is 

the  length  of  a  seconds  pendulum,  and  we  have 

g  =  hH. 

Experimentally,  we  may  determine  the  intensity  of  gravity  at  any 
place,  by  counting  with  exactness  the  number  of  oscillations  made  at 
the  place  of  observation  in  a  given  time,  by  a  pendulum  whose  length 
is  known,  and  then  dividing  the  time  by  the  nural>er  of  oscillations. 
Any  error  in  observing  the  time  of  a  single  oscillation  is  thus  greatly 
diminished,  by  subdivision,  and  by  a  sufficient  number  of  repetitions 
this  error  may  be  reduced  to  a  quantity  too  small  for  consideration. 

It  was  thus  that  Borda  and  Cossini,  in  1790,  measured  with  great 
accuracy,  the  intensity  of  gravity  at  the  Observatory  in  Paris,  using  a 
pendulum  composed  of  a  platinum  ball,  suspended  by  a  fine  platinum 
wire,  upon  knife  edges  of  steel,  resting  on  agate  planes.  The  whole 
was  about  four  metres  long,  and  its  oscillations  were  counted,  not 
directly,  but  by  means  of  an  ingenious  comparison  with  the  motions  of  a 
clock  pendulum,  placed  a  few  metres  behind,  marking  by  a  telescope 
the  occurrence  of  a  coincidence  in  the  vertical  position  of  the  two  pen- 
dulums, and  then  observing  the  number  of  seconds  before  a  coincidence 
occurred  again.  The  pendulums  were  inclosed  in  glass  cases,  to  avoid 
currents  of  air. 

89.  Value  of  g  in  these  experiments. — Afler  carefully  elimi- 
nating the  errors  of  experiment  due  to  the  influence  of  the  air  (the  con 
sideration  of  which  would  lead  us  too  far  into  the  refinements  of  this 
subject  for  our  limited  space),  Borda  and  Cassini  found  for  the  intensit;jp 
of  gravity  at  Paris  <7  ^  9*8088  metres,  equal  to  32*1798  feet.  This 
value  has  been  confirmed  by  Arago,  Biot,  and  others,  and  slightly  cf)r- 
rected  by  Bessel,  by  considering  the  loss  of  weight  in  air  due  to  the 
motion  of  the  pendulum,  giving  the  quantity  g  =  9*8096  metres. 
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Seconds  pendulnm. — On  the  other  hand,  when  we  know  the 
acoelerating  force  of  graTity,  g,  at  any  giyen  place,  it  is  eafy  to  calcu- 
late the  length  of  the  simple  pendulum  vibrating  seconds,  a^sumin^  the 
oeciilauone  to  be  infinitely  small.  Thus  in  the  formula  for  the  peiidu- 
lam  (81),  making  T=  1\  and  using  for  g  the  value  determined  for 
the  place,  we  haTe/==at  Paris  0*993866  metre  =  39127  inches,  and 
v'orrectionB  being  made  for  the  interference  of  the  air,  this  quantity,  a^ 
determined  by  Betsei,  is  0*993781  metre  =  39*  12367  inches. 

II.    MODIFICATIONS  OF   TERRESTRIAL  GRAYITT   AND   THEIR  CAUSES. 

90.  Tlie  intensity  of  gravity  varies  with  the  latitude. — Very 
namerous  ot)seryations  made  with  the  pendulum,  on  different  parts  of 
the  earth's  surface,  have  shown  that  the  force  of  gravity  is  by  no  means 
the  same  at  all  places,  and  particularly  that  it  increases  in  going  from 
the  equator  toward  either  pole.  This  result  is  observed  in  the  increas- 
ing length  of  the  pendulum  vibrating  seconds,  since  by  {  88,  g  is  pro- 
portional to  Z,  the  pendulum  must  be  longer,  as  the  furce  of  gravity  is 
greater,  to  preserve  the  same  time  in  oscillation.  The  value  of  g  for 
any  latitude  is  obtained  with  approximate  accuracy  by  the  formula 
^  =  32- 17076  (1—0  00259,  cos.  2i),  in  which  X  is  the  latitude  of  the 
place,  and  32.17076  feet  the  value  of  ^  at  latitude  45°.  By  substituting 
for  >U  successively  0°  and  90°,  we  obtain  at  the  equator  g  =  32087 4377 
feet,  and  at  the  poles  g  =  32*254083  feet 

The  following  table  of  the  variation  in  the  length  of  the  seeondf  pendalam,  with 
the  latitade,  is  eondensed  from  a  large  list  in  Saigey.  {Phytique  du  Globt, 
p,  132,  (.  2.) 


; 

Leai^  of  Meooite 

1 

Fteea*  iibtw  i  <4- 

peadulum  la   Amcii- 

'  Xaaies  9t  •bcmrtn. 

> 

ema  inebes.* 

1 

Spitzbergen,    .... 

790 

49'  68"  N. 

39-2161492 

Sabine. 

Greenland,      .... 

740 

32*  19"  " 

39-204339 

« 

Sl  Petertbarg,    .    .    . 

69® 

56'  31"  " 

.39-1704818 

Latk6. 

Paris, 

4«® 

50'  14"  " 

301290322 

Biot. 

New  York,      .... 

400 

42'  43"  " 

391023743 

Sabine. 

Jamaica,  W.  I.,  .    .    . 

,70 

56'  07"  " 

300362352 

tt 

St  Thomas,  W.  I.,  .     . 

00 

24'  41"  " 

39  0216688 

it 

Maranban^     .... 

20 

31'  35"  S. 

300126141 

Foster. 

Rio  Janeiro,    .... 

22® 

55'  22"  " 

390452809 

Basil  Hall 

Cape  of  Oood  Hope,     . 

ZZ<* 

55'  56"  " 

390795405 

Fallows. 

Cape  Horn,     .... 

550 

51'  20"  " 

39*1567028 

Foster. 

N.  Shetland,   .... 

62° 

56'  U"  " 

39- 1807 176 

u 

*  In  redacing  Saigey's  table  of  lengths  of  the  seconds  pendulnm  at  different 
loealitiee,  to  American  inches,  the  French  metre  has  been  taken  at  {{9- 36850535 
int  bet,  aa  adopted  by  the  United  States  Coast  Sarrey. 
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NamerouB  obaerraitiDiis  on  the  U.  S.  Cout  Sorrej,  kad  elsewbaM, 
show  that  the  value  of  g  ia  bj  no  meunR  rigoroualj  the  Bune  »t  all 
poirts  OD  tbe  same  parallel ;  a  discrepancy  to  be  eipluned  odI;  bj 
sapposlng  an  inherent  difference  in  the  conatitution  of  the  earth's  cruat 
at  diSerent  places. 

The  variation  of  gravity  with  change  of  latitude  ia  due  to  two  cauaea. 
Ut.  To  the  flattening  of  the  earth  at  ila  poles.  2d.  To  the  eentiifugal 
force  created  by  the  rsvulutiuu  of  the  earth  Dpou  its  aiia.  The  last 
cause  aUu,  bey  nd  duubt,  induced  the  flattening  of  the  pulea  in  the 
earlier  hiitiorj  of  our  planet. 

91.  Infla«iiCB  of  tho  eaxth'a  fienre  apon  tiKvWj. — Until  1666 
the  perfect  sphericity  of  Ihe  earth  had  not  been  queationed,  although  in 
tbe  preceding  century  the  flattening  of  the  planet  Jupiter  at  the  poles 
bad  been  observed.  Subnequeotly  (in  1672),  Richer,  aent  by  tbe 
Academy  of  Paris  to  Cayenne,  remarked  that  hie  pendulum  no  longer 
beat  seconds  at  the  latter  place,  until  it  was  shortened  a  line  and  a  quat^ 
ler  from  its  length  at  Paria.  This  observation  at  once  indicated  a  leas 
force  of  gravity  at  Cayenne  than  at  Paris,  and  suggested  doubts  respect- 
ing the  aphericity  of  the  earth.  Iluyghens  attributed  this  diminution 
of  the  force  of  gravity  to  centrifugal  force,  and  conceived  that  the  earth 
roust  bo  bulged  out  at  the  equator. 

Iluyghens  and  Newton,  assuming  that  the  earth  had  become  solid 
from  an  originally  fluid  mass,  whose  particles  attracted  each  other, 
subject  to  the  laws  of  hydrostatica  and  of  Ihc  centrifugal  force,  arrived 
at  the  conclusion,  from  mathematical  calculation,  that  the  earth'a  figure 
was  that  of  an  oblate  spheroid,  whose  polar  diameter  was  about  26 
miles  less  than  its  equatorial.     Laplace  47 

reached  almost  the  same  conclusion,  by 
calculating  the  effect  of  the  equatorial 
mass  on  the  motions  of  the  moon.  Th« 
effect  of  [he  centrifugal  force  upon  a 
yielding  mass,  may  be  shown  by  the  ap- 
paratua,  fig.  47.  Two  circles  of  wire,  or 
fiexible  metallic  ribbons,  are  attached 
below  to  an  axis,  and  above  to  a  sliding 
ring,  and  being  rapidly  rutated  by  the 
whirling  tnlile.  Ihe  circles  flatten  in  Ihe 
direv'tion  of  the  axis,  and  bulge  at  Ihe 
•quNlor,  as  shown  by  the  dotted  lines. 

But  it  WHS  only  by  the  actual  measurement  of  an  are  of  meridian 
that  Ihe  exact  fi^re  of  the  earth  bei.-ame  known.  This  important  geo 
deeio  uperalioa  was  undertaken,  bj  La  Cloudamine  and  others,  in  I73fi 
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in  Peni«  bj  order  of  tiie  French  government,  and  was  less  ac>nirately 
performed  bj  Picard  in  France,  in  1669.  This  operation  led  to  the 
oonclosion  (since  demonstrated  by  numerous  similar  measurements), 
that  the  successive  arcs  on  the  same  meridian,  comprised  between  two 
verticals  forming  an  angle  of  V*,  become  larger  and  larger  as  we  ad- 
vance toward  the  poles^  Consequently,  the  equatorial  radius  is  greater 
than  the  polar,  and  the  plumb  line  will  point  to  the  centre  of  the  earth 
only  in  one  of  those  radii. 

The  astronomers  Mason  and  Dixon,  who,  in  1764-6,  established  the 
boundaries  between  Pennsylvania,  Delaware,  and  Maryland,  afterwards, 
in  1768,  re-measured  a  line  of  538,067  feet,  with  great  accuracy,  very  near 
the  meridian,  for  the  purpose  of  determining  the  value  of  an  arc.  Four- 
fifths  of  this  (434,011 1^(1^)  was  one  unbroken  line,  without  triangulation, 
on  a  vast  level  plain.  They  used  rods  of  fir,  frequently  compared  with  a 
standard  brass  measure  at  a  fixed  temperature.     They  found  the  length 

of  a  degree  of  latitude  to  be  363,763  English  feet.    (Phil.  Trans.  1768.) 
The  general  results  may  be  illaf  trated  bjr  the  following  diagram. 
Let  the  line  A  P,  fig.  48,  represent  a  quad-  48 

rant  of  a  meridian,  of  which  0  F  is  the  polar, 
and  0  A  the  equatorial  radius.  Let  ub  take 
stations  on  this  meridian,  one  degree  distant 
from  eaeh  other,  commencing  from  the  eqaa- 
tor,  and  from  each  station  prolong  the  direc- 
tioa  of  the  plnmb  line  until  it  intersects  the 
plumb  line  similarly  produced  from  the  pre- 
vious station ;  abe are  three  such  points, and 
it  is  plain  that  the  intersections  of  the  plumb 
lines  firom  eaeh  of  the  ninety  rerticals  on  the 
quadrant,  would  together  CTolve  the  curve 
m  hep,  and  the  same  if  the  stations  were  in- 
finite. Objects  on  different  parts  of  the  earth's 
surface  are  not  attracted  to  a  common  centre 
of  grarity.  The  centre  of  gravity  for  any 
point.  A,  B,  C,  P,  on  the  quadrant,  A  P,  must  lie  in  the  corresponding  points, 
o,  6,  c,  Pf  where  the  respective  normals  cut  the  evolute  a  p.  At  A,  for  example, 
the  attraction  of  gravity  acts  as  if  it  originated  st  a,  for  B  at  b,  for  C  at  c,  Ac 
But  the  initMntjf  of  gravity  is  greater  at  B  than  at  A,  at  C  than  at  B,  and  so  on 
The  revolution  of  the  evolute  ap  on  its  axis  Op  will  evidently  generate  a 
surface  (called  a  2ociw),  in  which  will  be  found  the  centres  of  grarity  for  all 
points  on  the  upper  hemisphere,  and  a  similar  surface  may  be  produced  for  all 
points  on  the  lower  hemisphere  by  the  revolution  of  the  curve  ap'. 

Evidently,  therefore,  a  body  placed  at  the  equator  will  be  very  difier- 
ently  affected  by  the  force  of  gravity,  from  what  it  would  if  placed  at 
the -poles.  The  amount  of  flattening  at  the  poles  is  about  ^J^  of  the 
equatorial  radius,  or,  accurately,  ^^^.^  ;  that  is,  the  polar  radius  is  so 
much  shorter  than  the  equatorial — exactly  21*319  kilometres,  equal 
13-246483  miles;  or  in  the  diameter  nearly  26}  miles  (26*492966).    Id 
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an  exact  model  of  the  earth  15  inches  diameter,  it  would  be  repre* 
sented  by  ^^^  of  an  inch ;  a  quantity  tjc  small  to  be  detected  by  the  eye 
or  hand. 

92.  Exact  dimenBionB  of  the  earth. — According  to  the  latest  cal- 
culations the  exact  dimensions  of  the  earth,  as  given  by  Kohler,  wheti 
reduced  to  American  standard  measures,  are  as  follows : 

Volume  of  the  earth,    259,756.014,917  cubic  miles. 
Surface  of  the  earth,     196,881,077         square  miles. 
Length  of  a  quadrant,  621399609  miles. 

Mean  radius  (lat.  45°),  395594978 
Equatorial  radius,         3962*57302 
•Polar  radius,  394932654 

Difference  between  the  last  two  dimensions  13*24648  miles. 
The  equatorial  swelling,  or  that  portion  of  the  earth  which  lies  outside  of 
a  perfect  sphere,  whose  circumference  is  described  by  the  polar  radius, 
is  -1  part  of  the  whole  volume  of  the  earth.  Two  verticals  include  an 
angle  of  l^^  when  they  are  10 17  feet  distant  from  each  other,  and  they 
will  inclose  a  sector  of  1^  when  they  are  distant  from  each  other  1*15 
miles. 

93.  Sensible  weight  Taries  in  different  localities. — The  same 
body  is  sensibly  lighter  at  the  equator  than  at  the  poles  of  the  earth,  in  the 
ratio  of  194  to  195.  This  difference  cannot  be  detected  by  the  balance,  becaaie 
the  thing  weighed  is  counterpoised  by  an  equal 
standard  weight,  under  the  same  circumstances ; 
and  if  both  are  removed  to  another  station,  their 
weight,  if  changed,  will  be  changed  equally,  and  a 
body  and  its  counterpoise  once  adjusted,  will  con- 
tinue to  balance  each  other  wherever  they  are  car- 
ried. It  is  not  in  this  sense  that  194  lbs.  at  the 
equator  will  weigh  195  lbs.  at  the  poles ;  but  if  wo 
conceive  a  body,  y,  suspended  by  a  cord,  imagined 
without  weight,  passing  over  a  pulley  at  the  equator, 
as  in  the  annexed  figure,  49,  and  connected  by 
other  pulleys,  all  without  friction,  with  jt,  another 
equal  weight,  at  the  poles;  then,  although  the 
weights  would  counterpoise  each  other  in  a  balance,  they  would  not  Id  Ihif 
situation,  but  the  polar  weight  would  preponderate,  and  y  would  require  to  be 
increased  by  j-X^th  part>  to  restore  the  equilibrium. 

The  above  phenomena  are  readily  demonstrated  by  the  spring-balaooe,  or 
dynamometer  (37.) 

94.  Effect  of  the  earth's  rotation  on  gravity. — Newton  and 
others  have  determined,  by  calculation,  that  the  increase  of  weight, 
due  to  the  spheroidal  form  of  the  earth,  is  ^ig,  when  a  body  is  trans- 
ported from  the  equator  to  the  poles ;  yet  the  difference  of  weight  is 
ff  und  experimentally  to  amount  to  the  much  more  considerable  quan- 
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titj  ot  jI^  part  of  the  total  weight  of  the  body.  This  large  difference 
is  accounted  for  by  the  centrifugal  force,  which  is  nothing  at  the  pules, 
and  regularly  increases  towards  the  equator,  where  it  is  greatest,  and 
in  the  same  ratio  diminishes  the  weight  of  bodies  on  the  earth's  sur- 
face. The  earth  revolves  once  in  24  hours,  but  if  it  revoh  ed  seventeen 
times  more  rapidly  than  it  now  does,  or  in  Ih.  24m.  25s.,  the  centrifugal 
force  would  balance  the  force  of  gravity,  and  bodies  at  the  equator  would 
have  no  sensible  weight  If  the  velocity  of  revolution  was  farther 
increased  the  oceans  would  be  thrown  off  like  water  from  a  grindstone, 
and  all  loose  materials  would  fall  into  space. 

Demonatration. — By  the  laws  of  eentrifogal  force  it  folloirs  that  the  ob- 
•erred  weight  of  any  sobttance  on  the  earth's  surface  is  the  difference  between  the 
earth's  attraction  and  the  oentrifogal  force  developed  bjr  the  reyolation  of  the 

4n^R 


carUi.    By  2  54  the  eentiifagal  force  at  the  equator  =z  C  = 


Tt 


;  R  being  the 


equatorial  radius,  and  T  a  diurnal  revolution.     If  G  represent  the  attraction  of 

AiOR 
the  earth,  and  §  the  weight  of  a  body  at  the  equator,  then  (  1  )  g^  G —^  • 

Let  M,  fig.  50,  be  a  material  particle  taken  on  any  parallel,  and  represent  A  m, 

the  radios  of  this  parallel,  by  r,  the  centrifugal  50 

4nV 
foree  at  this  point,  m/  =  «  =  — --.    But  as  this 

force  does  not  act  in  the  direction  of  gravity,  de- 
eompose  it  into  two  others,  one  of  which,  m  6, 
being  at  right  angles  to  gravity,  has  no  effect 
upon  it,  and  the  other  m  a  acting  directly  against 
gravity.  Let  m  0  E,  the  latitude  of  the  place, 
which  is  equal  to  a  m/,  be  designated  by  Lf  then  in 
the  right-angled  triangle  om/,  ma  is  equal  to 
«/  X  cosine  of  a  mf  =  e  cos.  L.  In  the  triangle 
AmO,  Am  z=  r  =  R  cos.  L.     It  follows  that  the  vertical  component  ma=r: 

An^R 

COS.'  L.    The  force  of  gravity  at  m  is  then, 

4n*R 

(2)g^G—-^  co8.«  X. 


The  diminution  of  gravity  doe  tc  the  centrifugal  for^  is  therefore  propor- 
ticeial  to  the  square  of  the  oosine  of  the  latitude.  At  the  pole,  where  L  =  90^, 
f  =  G.  At  the  equator  X  =  0,  and  g  is  found  by  the  formula.  In  the  firet 
formula  (1)  the  value  of  the  second  term  of  the  equation  being  very  small  in 


as  a 


/          4ft*  R\ 
relation  to  the  first,  gives  very  nearly  g  ^  G  [1 —r-  I,  by  placing  O 

\  9^^  J 

common  factor,  and  replacing  it  in  the  denominator  of  the  second  term  by  g. 

Taking  for  the  mean  radius  of 'the  earth  R  =  20,887,413  feet,  and  g  =  32*1798 
feet,'  aad  T=i  86,164  seeonds  (the  time  of  a  revolution  of  the  earth  on  its  axis), 

4h*R                        1  1 

we  find  for  the  value  of very  nearly =    _.     If,  therefore,  the  earth 
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reTolred  17  times  faster  than  it  does  at  present,  making  T  seyenteen  timet 
smaller,  the  second  term  in  the  parenthesis  would  become  unity,  and  the  ralue 
of  g  would  be  zero,  or  bodies  at  the  equator  would  have  no  weight.  The  expres- 
sion (1)  enables  us  to  calculate  the  attractive  force  at  the  equator,  assuming  as 
a  starting  point  the  value  g  =  32-09025  feet  as  the  value  of  gravity  as  indicated 
by  the  pendulum.  We  then  find  the  attractive  force  at  the  equator  O  =  32*20147 
feet,  and  the  centrifugal  force  at  the  equator  =  0*111216  feet. 

95.  Variation  of  gravity  above  the  earth  and  below  its  sur- 
face.— By  the  law  of  gravitation  it  follows  that  as  we  rise  above  the 
earth  the  force  of  gravity  most  diminish.  This  diminution  is  saffioient 
to  be  appreciable  at  any  considerable  distance  above  the  level  of  the 
sea ;  therefore,  to  compare  the  results  of  experiments  relating  to  the 
force  of  gravity  at  different  situations  on  the  earth's  surface,  it  is  necee> 
sary  to  reduce  all  observations  to  a  common  standard — ^the  sea  level. 

Representing  by  g^  the  intensity  of  gravity  at  any  elevation  h,  and 
the  earth's  radius  by  B,  neglecting  the  variation  of  the  centrifugal 
force,  we  have 

y  :  flr' =  («  +  A)' :  JP ;  hence  J,  =  j^  i^^i^. 

The  mean  distance  of  the  moon  from  the  earth's  centre  is  about 
sixty  times  the  equatorial  radius  of  the  earth,  and  it  completes  its  orbit 
(assumed  to  be  circular)  in  27*322  days.  As,  therefore,  the  intensity 
of  the  earth's  attraction  at  the  moon  equals  the  centrifugal  force  (as  is 
evident  from  physical  astronomy),  this  force  can  be  calculated  by  sub- 
stituting for  B  sixty  times  the  earth's  radius,  in  the  formula  for  centri- 
fugal 'brce.   Substituting  for  T  the  time  of  a  lunar  revolution  expressed 

in  seconds,  we  find  for  the  earth's  attraction  on  the  moon  g  = ~ 

^^  0.0OC79  feet,  which  is  about  3600  times  less  than  the  attraction  of 
the  earth  for  bodies  on  its  surface  at  the  equator  (assuming  for  bodies 
as  distant  as  the  moon  that  the  attraction  of  the  earth  is  concentrated 
at  its  centre).  This  agrees  with  the  law  of  gravitation,  the  square  of 
60  being  3600. 

Below^  the  earth's  surface,  assuming  the  earth  to  be  a  sphere,  the 
force  of  gravity  is  proportional  to  the  distance  of  the  particle  from  its 
centre.  It  is  plain  that  the  force  of  attraction  at  any  point  beneath 
the  surface  is  diminished  by  whatever  part  of  the  earth  is  above  the 
particle,  and  the  resultant  force  is  the  difference  between  the  two  com 
ponents.  Could  a  body  be  placed  in  empty  space  at  the  centre  of  the 
earth,  it  would  be  sustained  there  withoul  any  material  support  by  the 
equal  and  opposite  attractions.  It  can  also  be  demonstrated  matho* 
matically  that,  if  the  earth  were  a  hollow  sphere  of  uniform  density, 
a  material  particle  would  rimain  at  rest  at  any  point  within  it.    S 
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followt  from  tbia  that : — The  attraction  of  the  earthy  fir  a  particle  of 
wnaUer  below  its  sur/aoe,  is  directly  proportional  to  it*  distance /ram  the 
centre  o/  the  earth. 

{  4.  BCaas  and  Weight. 

96.  ICaaa  — ^Tbe  mats  of  a  body  is  the  qoantitj  of  matter  which  it 
eoDtains ;  and  since  the  absolute  weight  of  a  mass  of  matter  is  the  sam 
}f  the  attraction  of  graritation  upon  all  its  molecules,  it  follows  that,  in 
the  same  place,  the  masses  of  bodies  are  to  each  other  as  their  weights. 
Calling  the  mass  M  and  the  weight  ff,  and  the  force  of  gravity  g^  for 
an  J  given  body,  then  W=Mg,  We  have  already  seen  (41)  that  the 
BMsses  of  bodies  may  be  compared  by  the  forces  required  to  impart  to 
them  equal  relocities.  Since  gravity  acts  equally  on  matter  of  what- 
erer  description,  this  comparison  may  also  be  made  by  comparing  their 
w«ghts  when  otherwise  under  the  same  conditions. 

97.  "Wei^t. — The  term  weight  as  used  above,  and  always  in  scien- 
tific language,  means  the  pressure  exerted  by  a  given  mass,  due  to  the 
force  of  gravity.  This  varies,  as  we  have  seen,  with  the  force  of  gravity, 
and  is  not  the  same  for  the  same  mass  at  all  parts  of  the  earth's  sur- 
face (93).  The  weight  of  any  given  kind  of  matter  varies  also  with  its 
mass.  A  mass  of  two,  three,  or  ten  times  a  given  unit  weighs  two, 
three,  or  ten  times  as  much  as  that  unit  at  the  same  place,  and  hence 
we  are  very  prone  to  confound  the  weight  of  a  substance  with  its  mass. 
On  the  snifaoe  of  the  earth  this  confusion  of  terms  can  lead,  as  we  have 
•een  (93),  to  an  error  of  only  about  one  two-hundredth  part  of  the 
whole  ( jl^)>  That  is,  a  mass  of  iron  weighing  1000  lbs.  on  the  equator 
would  weigh  1005  lbs.  at  the  pole.  Such  a  mass  of  iron  would  weigh 
only  500  lbs.  at  a  distance  of  2000  miles  below  the  surface  of  the  earth, 
or  1650  miles  above  the  earth,  and  only  160  lbs.  on  the  moon,  while  it 
would  weigh  about  2600  lbs.  on  the  planet  Jupiter,  and  28,000  lbs.  if 
placed  on  the  sun. 

98.  Denaity.^-The  density  of  a  body  is  the  mass  comprised  under  a 
unit  of  volume,  or  M=^  FX  A  where  the  mass,  if,  of  a  body  is  equal 
tf*  its  volume,  F,  multiplied  by  its  density,  D ; 

M 

transferring,  we  have     ^^=^~J\' 

This  may  be  otherwise  stated,  thus — 1st,  the  mass  is  proportional  to 
the  volume ;  2d,  for  an  equal  volume  the  mass  is  proportional  to  the 
density ;  and,  3d,  the  density  of  the  same  mass  is  inversely  proportional 
U^  the  volume  it  occupies. 

99.  Speci^o  wai^l^t  is  the  weight  contained  in  a  unit  of  volume;  this 
is  also  often  called  specific  gravity.  Representing  specific  weight  by  tp, 
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and  absolute  weight  by  Wy  we  have  W=^  Vy^^f  hence,  let,  the  weight 
Is  proportional  to  the  volume ;  2<i,  for  an  equal  volume  the  absolute 
weight  is  proportional  to  the  specific  weight ;  and,  3d,  for  equal  abeo 
lute  weights  the  specific  weight  is  inversely  as  the  volume. 

By  the  first  formula  we  have  %d  =  Dg,  whence  %d  is  the  weight  of  the 
unit  of  volume,  and  D  its  mass.  Replacing  %d  by  this  value  in  the  last 
formula,  it  becomes  W=  FX  -O  X  y« 

Specific  weight  di£fers  therefore  from  density  exactly  as  weight 
differs  from  mass.  Both  weight  and  gravity  vary  with  the  latitude, 
and  the  unit  accepted  as  a  standard  varies  also,  but  when  the  same 
standards  are  employed,  the  numbers  expressing  the  weights  remain 
unchanged,  and  no  sensible  error  results.  The  terms  density  and 
specific  gravity  have  thus  been  used  interchangeably  for  each  other, 
although,  speaking  strictly,  involving  different  quantities.  The  balance 
is  the  common  instrument  used  to  determine  weights.  It  will  be 
described  under  the  lever,  of  which  it  is  one  form. 

100.  French  system  of  w^eighta. — As  in  measures  (16),  so  in 
weights  it  is  indispensable  to  assume  some  arbitrary  standard  unit. 
The  French  have  assumed  as  their  unit  of  weight,  the  pressure. exerted 
by  one  cubic  centimetre  of  pure  water  at  its  maximum  density  (39^.2 
Fahrenheit),  in  a  vacuum,  and  at  the  latitude  of  Paris.  This  unit  is 
called  a  gramme^  and  it  weighs  (nearly)  15*433  grains  English.  The 
gramme  is  multiplied  and  divided  decimally,  and  these  multiples  and 
subdivisions  are  named  on  the  same  plan  with  the  parts  of  a  metre : 
Thus  we  have, 


1  Kilogramme    =  1000  grammes, 
1  Hectogramme  =100  " 

1  Decagramme  =10         " 
1  Grammo  =1         "      ' 


1  Gramme  =  1*000  gramme, 

1  Decigramme   =  0*100         " 
1  Centigramme  =  0-010  « 

1  Milligramme  =  0*001  « 


The  kilogramme  is  the  commercial  unit  of  weight,  and  is  rather  less* 
than  2}  lbs.  avoirdupois,  being  15,432*42  English  grains. 

The  French  unit  is  of  course  a  gramme  only  at  Paris,  and  at  higher 
or  lower  latitudes  weighs  (according  to  the  principles  before  explained) 
more  or  less  than  a  gramme.  But  this  leads  to  no  practical  inoonve* 
nience,  so  long  as  a  set  of  exact  measurements  made  in  one  latitude  are 
not  brought  into  rigorous  comparison  with  those  made  by  the  same 
standard  in  another  latitude.  The  general  acceptance  of  the  French 
system  among  scientific  men,  and  its  special  fitnes'*  for  scientific 
research,  owing  to  the  very  simple  relation  which  exists  between  it  and 
the  pyHteni  of  measures  already  described,  would  seem  to  render  the 
universal  adoption  of  a  decimal  system  of  weights  and  measures  for 
the  United  States  one  of  the  great  desiderata  still  to  be  accomplisbed 
for  our  common  country. 
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101.  EngUBh  and  Amerioan  syBtem  of  weights. — In  England, 
as  in  the  United  States,  two  distinct  units  of  weight  are  in  common  use, 
leading  to  constant  confusion,  both  of  terms  and  quantities.  These 
units,  the  Tny  pound  and  the  Avoirdupois  pound,  are  entirely  arbitrary. 
They  are  represented  by  certain  masses  of  brass,  declared  by  law  to  be 
the  legal  standards  of  the  above  names.  These  pounds  are  related  to 
each  other  in  the  ratio  of  144  to  175,  and,  excepting  the  grains, 
none  of  their  subdivisions  are  alike.  The  troy  pound  contains  5760 
grains  divided  among  12  ounces,  and  the  avoirdupois  pound  contains 
7000  grains  divided  among  16  ounces.  The  legal  standard  of  weight 
in  the  United  States  is  the  troy  pound,  copied  by  Capt.  Kater  in  1827 
ft-om  the  English  Imperial  Troy  pound,  for  the  U.  S.  Mint  at  Philadel- 
phia, where  it  now  is.  The  avoirdupois  pound  is,  however,  the  unit 
of  weight  in  actual  use  in  most  commercial  transactions.  Rater's  copy 
of  the  troy  pound  is  a  standard  at  62^  of  Fahrenheit's  thermometer  and 
30  inches  of  the  barometer.  A  cubic  inch  of  distilled  water  weighs  in 
the  air  at  62°  Fahrenheit  and  30  inches  barometric  pressure  252*456 
grains. 

The  English  standard  of  weight  is  connected  with  that  of  measure  by 
the  parliamentary  enactment,  that  277*274  cubic  inches  shall  constitute 
the  Imperial  gallon  of  70,000  grains,  or  ten  pounds  of  pure  water  at 
62^  F.  and  30  inches  barometric  pressure. 

The  American  standard  gallon  ctintains  at  39°'83  F.  (the  maximum 
density  of  water  adopted  by  Hassler)  58,372  grains  of  pure  water  at  30 
inches  barometric  pressure.  Tables  for  the  comparison  and  reduction 
of  the  French,  English,  and  American  units  will  be  found  at  the  end 
of  this  volume. 

102.  XSatimation  of  the  denaity  of  the  earth  by  experiment. — 
In  the  vicinity  of  a  mountain  a  plumb-line  is  not  truly  perpendicular, 
but  is  drawn  to  one  side  by  the  lateral  attraction  of  the  mountain.  The 
amount  of  this  deviation  is  measured  by  observations  on  the  zenith  dis- 
tances of  a  star,  at  two  stations  on  opposite  sides  of  the  mountain,  and 
on  the  same  meridian.  This  deviation  was  first  noticed  near  Mount 
Chimborazo  in  1738,  by  the  French  Academicians  engaged  in  measuring 
a  meridian  arc  in  Peru,  where  the  deviation  was  7^^'5.  In  1774,  Mas- 
kelyne  found  a  deviation  of  5''''*83,  caused  by  the  lateral  attraction  of 
Schehallien,  an  isolated  mountain  in  Scotland.  Hutton  spent  three 
years  in  ascertaining  the  mean  attraction  of  one  thousand  stations  on 
this  mountain ;  a  labor  rewarded  by  the  Royal  Society  of  London 
Estimating  the  mean  density  of  the  rocks  of  Schehallien  at  2*5  to  3  2. 
as  determined  by  Play  fair,  the  mean  density  of  the  earth  was  deter- 
mined to  be  over  five  times  the  density  of  water.    The  accurate  inve? 

9 
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tigatioD  of  this  problem  was  one  of  the  highest  importance  in  astronomj, 
since  it  furnished  the  means  of  determining  the  mean  density  of  th« 
earth,  by  comparing  its  attraction  with  the  attraction  of  a  part  of  it::f 
mass,  whose  density  could  be  ascertained  by  direct  experiment. 

This  problem  is  solved  with  much  greater  precision,  by  the  famoiiti 
experiment  of  Cavendish,  in  which  the  earth's  attraction  is  compared 
with  that  of  a  mass  of  lead. 

Cavendish's  determinations  of  the  density  of  the  earth  were  made,  in  1798, 
by  means  of  an  apparatus  suggested  by  the  Rev.  John  Michell. 

"  Michell's  apparatus  was  a  delicate  torsion  balance,  consisting  of  a  light 
wooden  arm,  suspended  in  a  horizontal  position,  by  a  slender  wire  60  inchef 
long,  and  having  a  leaden  ball,  about  2  inches  in  diameter,  hung  at  eitJber  ex- 
tremity. Two  heavy  spherical  masses  of  metal  were  then  brought  near  to  the 
balls,  so  that  their  attractions  conspired  in  drawing  the  arm  aside.  The  devia- 
tion of  the  arm  was  observed ;  and  the  force  necessary  to  produce  a  given  devi- 
ation of  the  arm,  being  calculated  from  its  time  of  vibration,  it  was  found  what 
portion  of  the  weight  of  either  ball  was  equal  to  the  attraction  of  the  mass  of 
metal  placed  near  it  From  the  known  weight  of  the  mass  of  metal,  the  dis- 
tance of  the  centres  of  the  mass,  and  of  the  ball,  and  the  ascertained  attraction, 
it  is  easy  to  determine  the  attraction  of  an  equal  spherical  mass  of  water,  upon 
a  particle  as  heavy  as  the  ball  placed  on  its  surface.  Now  the  attraction  of  this 
sphere  will  have  to  that  of  the  earth  the  same  ratio  as  their  densities ;  and  as 
the  attraction  of  the  earth  is  equal  to  the  weight  of  the  ball,  it  follows,  that  as 
the  calculated  attraction  is  to  the  weight  of  the  ball,  so  is  the  density  of  watei 
to  the  earth's  density,  which  is  thus  determined."    (  WU9on*$  Life  of  Car«nrft«A.) 

A  comparison  of  about  two  thousand  experiments  with  an  improved 

form  of  this  delicate  apparatus,  conducted  by  Mr.  Francis  Bailey,  in 

1842,  determined  the  mean  density  of  the  earth  to  be  5*0604  times  that 

of  water.     It  is  worthy  of  remark  that  Newton,  whose  guesses  were 

often  worth  more  than  the  researches  of  less  sagacious  men,  had  con- 

iectured  the  earth's  density  to  be  between  5  and  6  times  the  density 

f  water. 

The  calculation  is  conducted  thus.  Let  L  be  half  the  length  of  the  horizontal 
dm  of  wood.  O  the  attraction  of  the  masses  of  lead,  and  t  the  time  of  ao 
•cillation — neglecting  the  effect  of  torsion — Then,  according  to  the  theory  of 
ae  pendulum  (81), 


v^ 


Fake  I  for  the  length  of  a  simple  pendulum  oscillating  in  the  same  time  (()  by 
gravity,  and  we  have 

<  =  ».    £j     or  L:  0  —  l:g,  BXidl'.L— g:  0. 

Mling  toe  attraction  of  the  unit  of  mass  upon  the  unit  of  mass  at  the  unit  of 
distance  a ;  the  mass  of  each  sphere  of  lead  m ;  d  the  distance  from  the  oentse 
of  this  spnere  to  that  of  the  attracted  sphere  when  in  the  position  of  equilibriam  ; 
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ami,  lasftljy  M  Um  mam  and  R  the  meaa  radius  of  the  earthy  and  we  bave^ 
aMwding  to  the  l*ws  of  attraction^ 

am  aM 

Bj  anbetitatiBg  theae  raloes  of  Q  and  g  in  the  last  proportion,  it  becomea 

/  :  L  =  d?M :  iPj»,    or 

whieh  fixes  the  ratio  between  the  mass  of  the  earth  (Jf )  and  that  of  one  of  the 
sfiisiei  of  lead  (ai),  as  giTon  bj  the  balance.  The  Tolame  of  the  earth  being 
represented  bj  F,  and  its  mean  density  bj  />,  we  hsTO  bj  (98)  MzznVy^  D, 
from  which,  JMT  and  F  being  known,  D  is  deduced. 

The  inference,  ansToidable,  frum  these  &ct8  is,  that  the  ioterior 
perts  of  the  earth  mast  be  much  more  dense  than  the  saperficial  crust. 
Grranite  and  other  rocks  on  the  earth's  surface  have  an  average  density 
of  about  2*5.  This  remarkable  fact  may  be  explained,  partly  by 
remembering  that  the  interior  parts  of  the  earth  sustain  the  enormous 
pressure  of  the  surface  portions,  and  partly  by  the  hypothesis  of  primi- 
tire  fluidity,  which  authorixes  the  belief  that  the  more  dense  portions 
of  the  planet  would  seek  the  lowest  place,  and  the  lighter  parts  the 
sorfiMe. 

2  5.  Motion  of  Projectiles. 

103.  Projectiles  are  bodies  thrown  into  ihe  air  by  some  momentary 
force.  They  are  therefore  subject  to  two  forces,  one  the  projectile 
force,  which  is  momentary,  the  other  the  constant  force  of  grarity. 

When  a  body  is  projected  vertically  upward,  it  rises  with  a  uniformly 
retarded  moUon,  the  action  of  gravity  diminishing  the  Telocity  of  ascent, 
at  erery  instant,  until  the  projectile  force  is  expended,  when  the  body 
commences  to  descend,  and  parsing  every  point  in  its  downward  path 
at  the  same  rate  as  in  its  upward  flight,  it  acquires  at  the  end  of  its 
fall  a  Telocity  equal  to  that  with  which  it  was  projected. 

In  the  same  manner  when  a  body  is  projected  vertically  downwards 
its  path  is  the  same  as  that  of  a  body  falling  freely,  but  the  space 
traTcrsed,  and  also  the  Telocity,  are  resultants  of  the  sum  of  the  two 
forces.  These  are  simple  cases  under  the  laws  of  uniformly  accelerated 
or  retarded  motion  already  considered  (32). 

If  the  direction  of  the  projectile  is  not  perpendicular,  then  the  path 
of  the  projectile  must  be  a  curve  (51). 

Thns,  if  a  eannon-ball  is  shot  in  the  direction  a  h  (fig.  51),  with  a  Telocity 
which  would  carry  it  throagh  the  space  a  I  in  one  second,  tben,  by  the  laws  of 
inertia,  it  wonld  continae  in  this  line,  passing  throngb  equal  spaces  io  equal 
times.  If  it  was  acted  upon  by  gravity  alone,  it  would  more  in  the  vertical 
«  e,  throogb  the  «paees  I'  II'  III',  in  corresponding  seconds.    But,  while  it  is 
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pri>]Mt«d  Id  tli«  direction  a  &,  it  !■  anl 
like  ui;  otbsc  body,  mast  rail  tfaroogb  th« 
vertical  spue  of  18^'^  feet  duriDK  the  l.t 
HCODd  ;  St  tbe  end  of  that  time,  tborefore,  it 
will  be  found  it  (,  initewl  of  at  I.  Id  the 
■Hme  DUiner,  at  tbe  end  of  the  2d  and  ad 
HcondB,  it  will  be  Kt  /  and  g,  iatiotA  of  II 
and  lit ;  and  at  tbe  end  of  foar  leeoudi  the 
bodj  viil  aniTe  at  *,  tbe  mall  bj  the  pacal- 
lulogrun  of  foreeg  being  exaetl;  tbe  »me  M 
it  it  had  been  flrat  oarried  b;  the  projectile 


n  allowed 


ins  fou 


Mllad  a 


"'tingaV?'' 


i  by  ■ 


B;  a  similar  conttrui'tiun,  we  fiid  the  path 
of  ■  bod]'  projected  hnriiontellj,  or  obliquely  downwards,  In  wbiob  oai«*  tbe 
projectile  will  describe  one-half  of  a  parabola.  In  every  caae  the  path  of  Om 
projoolilo  ii  a  complole  or  partial  parabola,  wboH  aiia  ii  In  tbe  direction  of 
grnvity;  and  its  icrticsl  distance  below  tbe  line  of  prujeotioQ  at  any  given 
moment,  i>  always  equal  to  the  apaee  it  would  have  fallen  IVvely  daring  the  time 


I  c/n  h,  it  would,  without  tbe  actioD  of 
gravity,  deacrilw  tbe  line  a  »  =  rr,  e  being  tbe  velooity  of  projeoUon,  and  (  tha 
time  of  flight  Let  n  be  tbe  angle  of  elevation  &<■  Ih,  e'  the  Tertietl  velocity, 
and  e"  the  boriionlsl  leloeity.  then  e'  ^  v  tin.  a,  and  *"  ^  t  cm.  a.  The  ver- 
tical velocity  would  evidcnily  be  spent  in  une-half  the  time  of  flight,  and  an 
equal  descending  velocity  would  be  acquired  at  tbe  time  of  striking  tbe  point  i. 


henee,  o"  =  « 


a  =  ijf(,  a 

equal  the 
Si- sin.  a 


time  of  flight.     The  hori- 
'  mnltiplied  by  tbe  time  of 


This  vnlna  of  tlie  horizonlnl  range 
a  A  is  evideotlj  tbe  greatest  for  bdj 
value  of  B,  when  ain.  2o  =  1,  or  a  ^ 
45';  and,  for  elevationB  equally  above 
and  below  45°,  the  horizontal  range 
will  be  equully  diuiii^iiibcd ;  that  is, 
tho  horizontal  ranfre  will  be  tbe  same 
fur  an  elevation  of  40°  &s  for  50°,  and 
the  same  fur  on  elevation  of  30°  as  for 
9n«     Fij;  M  nhown  the  form  of  tbe  curve*  desoribod  by  pT(g«otUM  tt 
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■ngnUr  «l«T»tkHu  of  0°,  15",  45",  60",  ud  90"  (A  B.  A  C,  A  D,  A  E, 
AF).  The  dotted  linea  shuw  the  Kcgles  of  projection,  and  the  imootfa 
lines,  with  correspond ing  letters,  show  the  paths  described  by  the 
pngectiles.  The  effect  apon  the  flight  of  projectilea  prodaced  hj 
TMisluice  of  the  kir,  will  be  considered  hereafter. 

104.  The  baUiatlo  paadnlmn  is  an  imtrDiueut  emplnjed  to  me*- 
■are  the  Telocitj  of  prajectiles.     A  &1 

bearj  mau  of  wood  and  iron,  shown 
at  b,  fig.  53,  if  snspended  at  C,  oo  a 
shst)  three  or  foar  j&rdt  io  length 
o*er  a  gradnaled  arc  BED.  The 
ball,  fired  in  the  direction  N  N, 
strikes  the  ballistic  pendnlam  at  A, 
and,  penetrating  the  heav;  mass, 
imparts  to  it  a  velocity  which  is 
determined  bj  comparison  of  tbe 
arc  E  D  described  bj  the  pendn- 
lum,  and  the  time  in  which  tbe 
whole  mass  is  found  to  vibrate.  S  ~ 
is  aappoeed  to  be  the  centre  of 
gravitj,  H  tbe  centre  of  oscillation, 
CO  the  arm  of  impact,  and  H  H  the 
perpendicntar  height  Uiroagh  which  the  pendulum  rises.  From  these 
data  the  velocitj  of  tbe  ball  at  the  moment  of  impact  can  be  calculated 


Problems. — Falling  Bodilea. 

IT.  If  ft  itoiw  ii  dropped  into  >  well,  and  <t  ii  asen  to  itrike  I 
•nd  or  3  weoDiia,  whit  ii  tbe  depth  of  the  well  7 

18.  A  budj  i>  projected  apwsrd  with  ■  Tslooi 
height  of  Iti  foM  4  loehea ;  sAar  I 
half  the  origiDii  ralooitj  ? 

IB.  ITind  the  Telocitj  with  wbieb  a  bodj  maat  be  projected  apwrnrdi  from  lbs 
fool  of  B  lower,  hi  mi  to  meet  kalf  way  aootfaer  bodj  let  fall  at  the  aame  timr 
froB  the  top  of  the  tower. 

20.  A  balloon  ii  a»eDding  Tertlullj  with  *  giien  Teloeitj,  aod  a  bodj  li  tei 
bU  from  it,  which  reaehei  the  KTonnd  in  (  aeooiidi :  fiol  the  height  of  the  ballooD 
IX  tbe  mameni  of  the  bodj  learing  iL 

!1.  A  bodT  ii  obeerred  to  rail  the  lait  a  feet  of  in  deiceot  from  reit  in  i 
Hcondi :  And  the  height  from  which  it  fell. 

S2.  A  body  has  fallea  tbrongh  the  diilaoea  of  bslf  a  milej  what  waa  the 
diMaac*  d«*«rfb«d  in  the  lait  lecond  } 

tt.  A  bod;  ia  projected  apwardi  with  a  TtUcitj  of  Hi  feet  in  a  leoond ;  bow 
br  will  it  awand  befora  it  bsfini  to  retoro  1 
»• 
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24.  A  stone  dropped  from  a  bridge  strikes  the  water  in  2^  seeonds ;  wnat  ii 
the  height  of  the  bridge?  Also  if  the  stone  be  projected  downwards  with  a 
Telocity  of  3  feet  per  second,  in  what  time  will  it  strike  the  water  t 

25.  A  stone  thrown  horisontally  from  the  summit  of  a  high  cliff  is  seen  to 
strike  the  ground  at  the  end  of  5  seconds ;  what  is  the  height  of  the  cliff  aboTe 
the  point  where  the  stone  falls  ? 

26.  A  body  is  projected  vertically  upwards,  and  the  time  between  its  leaving  a 
given  point  and  returning  to  it  again  is  given;  find  the  velocity  of  projectiop 
and  the  whole  time  of  motion. 

27.  From  what  elevation  must  a  body  weighing  500  pounds  fall,  to  strik 
with  the  same  momentum  as  a  body  weighing  900  pounds  falling  from  an  elevt 
tion  of  641  feet  ? 

Descent  of  Bodies  on  Inclined  Planes.* 

28.  What  time  will  be  required  for  a  body  to  descend  an  inclined  plane  whoB« 
length  is  200  feet,  and  whose  elevation  is  64^  feet. 

29.  What  velocity  will  be  acquired  by  a  body  descending  a  plane  inclined  at 
an  angle  of  30°,  the  perpendicular  height  being  145^  feet? 

30.  If  a  railway  train,  with  a  speed  of  30  miles  per  hour,  arrives  at  a 
descending  grade  of  60  feet  to  the  mile,  and  has  no  force  applied  to  cheek  its 
speed,  what  will  be  its  velocity  after  running  3  miles  on  the  grade  ? 

31.  If  a  train,  moving  at  the  rate  of  25  miles  an  hour,  arrives  at  a  grade  of 
60  feet  per  mile,  2  miles  in  length,  and  no  more  steam  is  applied  than  before 
arriving  at  the  grade,  what  will  be  the  velocity  of  the  train  after  ascending  the 
grade  ? 

Central  Forces. 

32.  Find  the  force  with  which  a  body  weighing  8  lbs.  would  stretch  a  string, 
3  feet  long,  retaining  it  in  a  circle,  when  the  body  makes  3  revolutions  per 
second. 

33.  What  must  be  the  weight  of  a  body  revolving  7  times  per  second  in  a 
circle  10  feet  in  diameter,  in  order  that  the  centrifiigid  force  of  the  revolving 
body  may  be  equivalent  to  a  weight  of  1000  lbs.  ?  ^ 

34.  How  many  times  must  the  revolution  of  the  earth  be  increased  to  have 
the  weight  of  bodies  at  the  equator  diminished  one-half,  calling  the  radius  of 
the  earth  4000  miles  ? 

35.  What  must  be  the  number  of  revolutions  per  second  of  a  body  weighing 
17  lbs.,  revolving  in  a  circle  whose  radius  is  5  feet,  that  its  centrifugal  force  may 
be  the  same  as  that  of  a  body  weighing  25  lbs.,  revolving  9  times  per  second  in 
a  circle  whose  radius  is  3  feet  ? 

Pendolam  and  Gravity. 

36.  What  is  the  time  of  vibration  at  Paris  of  a  simple  pendulum  whoso  lengtli 
is  3  metres  ? 

37.  What  is  the  force  of  gravity  in  a  deep  mine  where  the  length  )f  tiam 
seconds  pendulum  is  found  to  be  38  inches  ? 

38.  What  is  the  time  of  vibration  of  a  simple  pendulum  30  inches  in  length, 
where  the  accelerating  force  of  gravity  is  32  feet  per  second? 

39.  What  is  the  time  of  vibration  of  a  simple  pendulum  at  Paris,  the  long*^h 
of  the  pendulum  being  one  metre,  and  the  amplitude  of  vibration  being  a  =  9^  f 

*  In  these  problems  the  retarding  force  of  friction  is  not  to  bo  oonsldwed. 
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10.  WLftt  it  the  aeeeleratiiig  force  of  gravitj  at  New  York  ?  at  Boston  ?  at 
New  OrieaiM  ?  at  Cape  Horn  ?  at  Stockholm  ? 

41.  If  the  force  of  graritj  at  the  earth's  surface  be  regarded  as  unity,  what 
will  be  the  force  of  graritj  at  a  distance  below  the  surface  equal  to  one-tenth 
I>art  of  the  earth's  radios? 

Flight  of  ProjeotUea.* 

42.  What  distance  will  a  bail  be  thrown  on  a  horixontal  plane,  if  it  is  fired 
from  a  cannon  with  a  Telocity  700  feet  per  second  at  an  angular  elevation  of  33°  ? 

43.  What  is  the  greatest  distance  to  which  a  ball  can  be  thrown  on  a  hori- 
xontal plane,  if  it  leases  the  month  of  the  cannon  with  a  relocity  of  1000  feet 
T>er  se  ^nd  ? 

44.  If  a  ball  leares  the  cannon  at  an  eleTation  of  30**,  with  a  velocity  of  800 
fset  per  second,  in  what  time  will  it  strike  the  horizontal  plane  ? 

45.  At  what  angle  of  elevation  must  a  ball  be  fired  that,  with  an  initial  velo- 
city of  600  feet  per  second,  it  may  strike  a  horizontal  plane  at  a  distance  of  two 
miles? 

<•  40.  If  a  ball  discharged  from  the  mouth  of  a  cannon,  at  an  elevation  of  35®, 
strikes  the  horizontal  plane  at  a  distance  of  three  miles,  what  was  its  original 
velocity  ? 


CHAPTER  IV. 

THEORY   OF   MACHINERY. 

2  1.  Machines. 

105.  Principle  of  ▼irtnal  ▼elocities. — It  was  shown  in  J  46,  that 
when   a  body,   having   a   fixed  64 

point  of  support,  is  acted  on  by     ^  ^^^^ -p 

two  parallel  forces  in  the  same    /  '""'^-.^. 

direction,  the  forces  will  be  in  ^\ .^'^'^.^ 

eqailibrium,  if  they  are  to  each     f^^^ 

other  inversely  as  their  distances  "'^''--^A 

from  the  supporting  point.     Thus  in  fig.  54,  if  an  inflexible  rod,  sup- 
ported at  C,  is  acted  on  by  two  forces,  W  and  P,  such  that 

W:P  =  CP:CW, 
then  they  will  be  in  equilibrium.     But  as  in  every  proportion  the  pro- 
duct of  the  first  and  last  terms  is  equal  to  the  product  of  the  second 
and  third ;  so  instead  of  saying  that  the  forces  are  inversely  as  their 
distances,  the  same  thing  is  expressed  by  W  /  C  W       P       C  P.   The 


*  In  theee  problems  no  aeeoont  is  supposed  to  be  taken  of  the  resistance  of 
the  air. 
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principle  may  be  otherwise  illustrated  thus : — Let  the  bar  W  P  be  made 
to  oscillate  gently  about  the  point  of  support  C.  It  is  plain  that  the 
spaces  described  by  the  ends  of  the  bar  will  be  proportional  to  their 
distances  from  the  axis ;  for  the  angles  at  the  axis  being  equal,  the 
arcs  af  and  h  h  are  directly  proportional  to  their  Tadii  C  W  and  C  P. 
Hence 

W:  P  =  bh:aff 

That  is,  two  forces  are  in  equilibrium  when  they  tre  to  each  other 
inversely  as  the  spaces  which  they  describe.  The  arcs  being  described 
in  the  same  time,  represent  the  velocities,  and  the  principle  is  usually 
thus  stated :  forces  in  equilibrium  must  be  to  each  other  inversely  as  their 
velocities.  The  products,  therefore,  of  the  forces  multiplied  by  their 
respective  velocities,  are  equal : 

WXaf=VXbh. 

These  products  are  called  the  moments  of  the  forces,  and  when  these 
momenta  are  equal  the  forces  are  in  equilibrium.  If  the  movement  is 
doubled,  halved,  or  raised  in  any  proportion,  the  efficacy  of  the  force  is 
similarly  varied.  Any  arrangement  by  which  two  forces  are  brought 
into  this  relation  to  each  other,  constitutes  a  machine. 

106.  Machine,  Pow^er,  "Weight. — In  extension  of  the  statement 
last  made,  a  machine  is  any  arrangement  of  parts  in  an  apparatus,  by 
which  force  may  be  transmitted  from  one  point  to  another,  usually  with 
some  modification  of  its  intensity  or  direction,  and  with  reference  to  the 
performance  of  mechanical  work. 

The  moving  force  in  a  machine  is  called  the  power;  the  place  where 
it  is  applied  is  the  point  of  application  ;  and  the  line  in  which  this  point 
tends  to  move  is  tJie  direction  of  the  power.  The  resistance  to  be  over- 
come is  called  the  weighty  and  the  part  of  the  machine  immediately 
applied  to  the  resistance  is  the  working  point. 

The  moving  powers  and  the  resistances  in  mechanics  are  both 
extremely  various ;  but  of  whatever  kind  they  may  be,  they  can 
always  be  expressed  by  equivalent  weights,  t.  «.,  such  as  being  applied 
to  the  machine  would  produce  the  same  effecta. 

107.  Equilibrium  of  machineB. — When  the  power  and  weight  are 
equal,  the  machine  is  in  equilibrium,  and  it  may  be  at  rest,  or,  as  is 
usually  the  case,  in  a  state  of  uniform  motion.  If  a  machine  in  this 
case  is  put  into  uniform  motion,  it  must,  by  force  of  inertia,  continue 
to  move  indefinitely  ;  for  the  power  and  weight  being  equal,  neither  of 
these  forces  can  stop  or  modify  the  motion,  without  some  extraneous 
force,  which  is  contrary  to  the  supposition. 

Thus,  if  an  engine  draw8  a  railway  tr^in  with  uniform  velocity,  th«  power 
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of  the  engine  ia  in  eqnilibriam  with  the  resistance  of  the  train.  At  starting 
the  power  is  greater  than  the  resistance,  and  the  motion  of  the  train  is  conse 
qnentlj  accelerated,  until  the  resistance  becomes  equal  to  the  power,  when 
equilibrium  is  again  established.  If  any  part  of  the  power  is  now  withdrawn, 
the  power  beeomes  less  than  the  resistance,  and  the  motion  is  consequentlj 
retarded  until  the  train  is  brought  to  rest. . 

The  mechanical  energy,  or  moving  force  of  the  power,  is  found  by 
maltipljing  its  equivalent  weight  by  the  space  through  which  it  moves, 
or  its  velocity ;  and  the  value  of  the  resistance  is  estimated  in  the  same 
manner.  As  we  have  just  seen,  the  relation  between  these  moments 
determines  the  state  of  the  machine. 

108.  ITtility  of  machines. — It  is  sometimes  said,  in  illustration  of 
the  usefulness  of  machines,  that  a  great  weight  may  be  supported  or 
raised  by  an  insignificant  power;  but  such  statements,  if  literally 
understood,  are  obviously  untrue.  No  machine,  however  ingenious  its 
construction,  can  create  any  force,  and  therefore  the  workini;  point  can 
exert  no  more  force  than  is  transmitted  to  it  from  the  source  of  power. 
Every  machine  has  certain  fixed  points,  which  are  arranged  to  support 
any  required  part  of  the  weight,  while  the  remainder  of  the  weight, 
and  that  part  only,  is  directly  sustained  by  the  power.  This  remaindor  * 
cannot  be  greater  than  the  power. 

109.  Relation  of  po'wer  to  weight. — But  if  the  weight  is  not  only 
supported,  but  raised  through  a  given  space,  then  the  power  must  move 
through  a  space  as  much  greater  than  the  weight  moves  through,  as  the 
weight  itself  is  greater  than  the  power ;  in  other  worde,  the  power  and 
weight  roust  be  inversely  as  their  velocities.  This  inverse  proportion 
is  expressed  when  it  is  said,  that  power  is  always  gained  at  the  expense 
of  time. 

To  raise  1000  lb),  to  a  height  of  one  foot  by  a  single  effort,  would  require  a 
force  equivalent  to  1000  lbs. ;  but  the  same  thing  may  be  accomplished  by  a 
power  of  1  lb.  acting  for  1000  times  successirely,  through  a  space  of  one  foot 
If  a  noian  by  exerting  his  entire  strength  could  lift  200  lbs.  t^  a  certain  height, 
in  one  minute,  no  machine  whatever  can  enable  him  to  lift  2000  lbs.  to  the  same 
height  in  the  same  time.  He  may  divide  the  weight  into  ten  parts,  and  lift  each 
part  separately ;  or  by  the  intervention  of  a  machine  he  may  raise  the  whole 
mass  together,  requiring,  however,  ten  minutes  for  the  task. 

Oo  the  other  hand,  it  is  often  the  object  of  a  machine  to  move  a  small 
resistance  by  a  great  power. 

In  a  watch,  the  moving  foroe  of  the  mainspring  is  very  much  greater  than 
the  resistance  of  the  hands,  revolving  about  the  dial.  In  a  locomotive  engine, 
each  full  stroke  of  the  piston  moves  the  train  through  a  space  equal  to  the 
circumference  of  the  driving  wheel ;  if  the  length  of  stroke  is  cne  foot,  and  tbo 
eircumferenee  of  the  wheel  12  feet,  then  the  velocity  of  the  piston  will  be  to  the 
velocity  of  the  train,  as  2  to  12;  consequently  the  power  acting  on  the  piston  is 
freat^  than  the  rMiftaaee  of  the  train,  in  the  proportion  of  12  to  2. 
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110.  Adaptation  of  the  power  to  the  weight  in  machinery.* « 

The  use  of  machines  is  to  adapt  the  power  to  the  weight.  If  the  iiiten- 
tfity,  direction,  and  velocity  of  the  power,  were  the  same  as  the  intensity 
and  direction  of  the  resistance,  and  the  velocity  required  to  be  given  to 
it,  then  the  power  might  be  directly  applied  to  the  resistance,  without 
the  intervention  of  a  machine.  But  if  a  small  power  is  required  to 
move  a  great  resistance;  or,  if  a  power  acting  in  one  direction,  is 
required  to  impart  motion  in  another ;  or,  to  impart  a  velocity  greater 
or  less  than  its  own,  then  it  is  necessary  to  employ  a  machine  which 
will  modify  the  effect  of  the  power  in  the  required  manner.  Besides 
these,  the  motion  of  the  power  may  differ  from  the  motion  required  in 
the  resistance  in  a  great  variety  of  ways. 

The  power  may  have  a  reciprocating  motion,  as  in  the  locomotive  engine,  and 
be  required  to  produce  a  continuous  motion  in  a  straight  line,  as  in  moving  a 
train  upon  a  railway.  Or,  the  power  may  have  a  rectilinear  motion,  as  a  stream, 
and  be  employed  to  produce  the  circular  motion  of  the  stones  in  a  grist-mill,  or 
the  reciprocating  motion  of  a  saw,  in  a  saw-mill. 

In  every  class  of  machines,  the  relations  existing  between  the  power 
and  the  resistance,  depend  solely  on  the  construction  of  the  machine ; 
but  even  a  general  account  of  the  ingenious  contrivances  by  which  the 
moving  force  is  regulated,  modified,  and  adapted  to  the  varying  condi- 
tions and  requirements  of  the  resistance,  would  lead  us  far  beyond  the 
limits  and  design  of  this  work. 

111.  Vis  viva,  or  living  force,  is  the  power  of  a  moving  body  to 
overcome  resistance,  or  the  measure  of  work  which  can  be  performed 
before  the  body  is  brought  to  a  state  of  rest.  The  vis  viva  of  a 
body  is  represented  by  MV^,  or  the  mass  of  the  body  multiplied  by  the 
square  of  its  velocity. 

When  a  body  is  projected  vertically  upwards,  the  height  to  which  it 
will  ascend  is  proportional  to  the  square  of  its  velocity.  If  H^  represent 
the  weight  of  the  body,  and  h  the  height  to  which  it  is  elevated  by  a 
given  impulse,  the  amount  of  work  performed  will  be  represented  by 

Why  but  >r=  Mg  and  h  =  ^,  substituting  these  values  of  TFand  A, 

we  have  the  work  performed  =  J  MV^.  Hence  the  work  which  can  be 
performed  by  the  accumulated  power  of  a  moving  body  is  equal  to  one- 
half  the  mass  multiplied  by  the  square  of  the  velocity. 

Take  the  case  of  a  pile-driver,  in  which  a  heavy  mass  of  iron  is  ele- 
vated to  a  height  of  30  or  40  feet,  and  is  then  suddenly  allowed  to  fall ; 
the  resistance  overcome  in  raising  the  driver  b  exactly  proportional  to 
the  elevation  to  which  it  is  raised,  and  the  accumulated  power  of  the 
stroke  increases  in  the  same  ratio;  hence  it  is  evident  that  the  vir 
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rira,  or  power  of  orerooming  resistance,  most  be  truly  represented  bj 
MV*. 

Again,  in  the  case  of  a  railway  train  moTing  with  a  Telocity  F,  the  great- 
est Telocity  attainable  by  a  given  power  of  steam  ;  let  o  be  the  accelera- 
tion of  velocity  imparted  to  the  train  by  the  locomotive  daring  the  first 
second  of  its  action,  and  if  the  mass  of  the  moving  train,  including  the 
locomotive.  K  the  movement  of  the  train  were  not  retarded  by  friction, 
or  some  other  opposing  force,  we  should  have  V  =  «/,  or  the  velocity,  V, 
would  go  on  constantly  increasing ;  but  such  we  know  is  not  the  case, 
for  the  train  soon  attains  a  maximum  velocity,  when  the  entire  force 
of  the  locomotive  is  every  instant  expended  in  overcoming  friction,  and 
the  train  moves  on  with  a  momentum  expressed  by  M  V,  but  its  vis  viva 
is  expressed  by  MV,  If  the  force  of  steam  were  suddenly  discon- 
tinued, the  power  of  the  moving  train  to  ascend  a  grade,  to  overcome 
any  obstacle,  or  to  deal  destruction  to  itself,  or  to  any  object  with 
which  it  comes  in  collision,  would  still  be  proportional  to  vis  viva  or 
ifF*.  Now  suppose  the  Velocity  of  the  train  to  be  doubled,  so  that 
V^  =  2V,  It  is  evident  that  in  any  given  interval  of  time  the  train 
will  pass  over  twice  as  many  points  of  resistance  as  before,  and  as  it 
passes  each  point  at  twice  the  previous  velocity,  it  will  encounter  at 
etery  point  twice  as  much  resistance  to  motion  as  before.  Hence  to 
impart  to  the  train  a  double  velocity,  a  fourfold  force  is  required ;  and 
the  power  of  the  tanSn  to  overcome  resistance  will  be  proportional  to 
its  vis  viva,  Jf  P'.  This  will  be  the  true  measure  of  the  force.which 
has  imparted  the  velocity  P,  and  which  is  now  constantly  expended 
in  overcoming  the  resistance  encountered  by  the  moving  train.  The 
same  principles  determine  the  power  expended,  or  work  actually  per- 
fi>rmed  (resistance  included),  by  any  kind  of  machinery. 

It  may  be  necessary  to  explain  more  fully  the  distinction  between 
momentum  and  vis  viva,  so  that  it  may  be  readily  understood  when  the 
one  or  the  other  is  to  be  taken  as  the  measure  of  force. 

Momentum,  Jf  F,  expresses  the  relation  of  force  to  inertia,  or  the 
amount  of  motion  in  a  moving  body.  Yis  viva,  MV*,  is  the  measure 
of  twice  the  amount  of  work  which  a  moving  body  can  perform  before 
it  is  brought  to  rest.  Yis  viva  is  the  measure  of  force  required  to 
maintiun  a  constant  motion,  if  F,  against  the  resistance  caused  by  the 
positive  properties  of  bodies,  as  attraction,  cohesion,  repulsion.  Momen- 
tum is  the  measure  of  the  force  required,  without  regard  to  time,  to  set 
a  body  in  motion  with  a  velocity  F,  when  no  other  body  interferes  with 
its  motion,  as  in  the  case  of  a  body  falling  freely  in  a  vacuum.  Id  the 
ease  of  the  railway  train,  the  mass  of  the  train  multiplied  by  its  velo- 
eity  is  the  measure  of  mejid  work  performed  in  a  unit  of  time,  but  it 
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is  not  the  measure  of  resistance  overcome,  or  (ichuU  work  performed, 
or  of  the  force  which  has  been  expended  in  performing  that  work.  The 
latter  is  measured  by  one-half  the  vis  viva,  or  i  MV^, 

niaatrations  of  via  ▼!▼&.— Suppose  a  battering-ram  weighing  4000  lbs. 
to  be  impelled  with  a  velocity  of  30  feet  per  second,  its  vis  viva,  if  F'=  4000  x 
30  X  30  =  3,600,000 ;  yet  a  cannon  ball  weighing  64  lbs.,  flying  with  a  velocity 
of  1000  feet  per  second,  will  have  a  power  of  dealing  destmotion  more  than 
seventeen  times  as  great,  for  its  vis  viva  equals  04,000,000.  Caloolations  of  this 
sort  explain  the  origin  of  the  terribly  destructive  power  of  the  engines  of 
modern  warfare. 

A  railway  train  moving  50  miles  an  hour  will  possess  more  than  six  times 
the  vis  viva  that  it  would  have  when  going  twenty  miles  an  hour;  and,  there- 
fore, it  will  possess  more  than  six  times  the  power  of  dealing  destmotion,  either 
to  itself  or  to  an  obstacle,  at  the  former  than  at  the  latter  rate.  Thus  the  well 
known  relation  between  speed  and  amount  of  damage,  in  case  of  accident^  ii 
readily  accounted  for,  as  also  the  enormous  comparative  cost  of  fUel,  and  wear 
and  tear  of  trains  of  high  speed. 

The  destructive  power  of  hurricanes,  which  move  from  60  to  100  miles  an 
hour,  is  readily  understood  when  we  know  that  the  power  of  dealing  destruction 
increases  in  proportion  to  the  square  of  the  velocity. 

112.  Impact  and  ita  reaalta. — When  a  body  in  motion  encounters 
another,  the  velocity  and  momentum  of  both  undergo  cerhiin  changes, 
which  depend  on  the  elasticity  of  the  bodies,  and  other  physical  circum- 
stances. 


Impact  conaidered  with  reference  to  momentum. — a — ^When 
a  body  in  motion  strikes  another  at  rest,  it  can  continue  to  move 
only  by  pushing  this  body  before  it,  and  it  must  impart  so  much 
momentum  that,  after  impact,  both  may  move  with  a  common  velo- 
city. If  the  masses  of  the  two  bodies  are  equal,  it  is  evident  that, 
after  impact,  the  momentum  will  be  equally  divided  between  them,  and 
their  velocity  will  be  one-half  of  the  velocity  of  the  moving  body 
before  collision.  If  the  mass  at  rest  is  double  the  mass  in  motion,  the 
common  velocity  will  be  one-third ;  and  generally,  when  a  moving  body 
communicates  motion  to  a  body  at  rest,  the  velocity  of  the  two  united 
will  be  to  that  of  the  moving  body  as  the  mass  of  the  latter  is  to  the 
sum  of  the  masses  of  both. 

If  a  musket  ball,  whose  weight  is  -U  lb.,  and  its  velocity  1300  feet  a  second, 
strikes  a  suspended  cannon  ball  weighing  48  lbs.,  it  will  put  it  in  motion,  and 
their  common  velocity  will  be  to  that  of  the  bullet  as  J.  is  to  48  +  »V«>  or  as  i 
is  to  961 ;  the  velocity  of  the  two  is  therefore  UWM^^  or  about  li  feet  a  leoond. 

5 — Bodies  moving  in  the  same  direction  may  impinge,  if  their  velo< 
cities  are  different.  If  an  inelastic  body  overtakes  another,  the  first 
will  accelerate  the  second,  and  the  second  will  retard  the  first,  until 
they  have  acquired  a  common  velocity,  when  they  will  move  on  together 
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Soee  the  bodies  more  in  the  same  direction,  there  can  be  no  increase 
or  diminution  of  the  total  momentum  by  impact,  but  only  a  re-distri- 
batioD.  If  they  are  equal  in  mass,  their  velocity,  after  impact,  will  b< 
half  the  sum  of  their  previous  velocities. 

If  bcfoiv  impaety  A  had  a  veloeity  of  6,  and  B  a  veloeity  of  4,  then  theii 
veloeitj  will  he  6. 


The  two  bodies  may  have  unequal  masses  as  well  as  velocities. 

If  the  maaa  of  it  u  8,  aod  iu  velocitj  17,  ite  momeDtam  will  be  1.36.  If  B 
%  aiaM  of  $,  and  veloeitj  of  10,  ite  momentam  will  be  60.  The  snan  190 
is  the  total  momeotain  of  the  united  masses  after  impact;  and  this  sum 
divided  by  the  sum  of  the  masses  gives  14,  the  common  velocitj. 

e — ^If  two  equal  bodies,  moving  with  equal  velocities  in  opposite 
directions,  impinge  on  each  other,  their  moments  being  equal,  will  be 
mutually  destroyed,  and  the  bodies  will  remain  at  rest.  The  force  of 
the  shock,  in  this  case,  is  equal  to  that  which  either  would  sustiun,  if, 
while  at  rest,  it  were  struck  by  the  other  with  a  double  velocity.  If 
the  moments  of  the  bodies  are  unequal,  then,  after  impact,  they  vrill 
move  together  in  the  direction  of  the  greater,  and  their  joint  momentum 
will  be  equal  to  the  difference  of  their  previous  moments,  and  their 
velocity  vrill  be  found  by  dividing  that  difference  by  the  sum  of  the 


d — ^These  laws  may  be  shown  experimentally  by  suspending  two  balls 
at  the  centre  of  a  graduated  arc,  and  producing  impact  accoiding  to 
the  conditions  described. 

If  two  bodies  moving  in  different  lines  impinge  on  each  other,  then, 
after  contact,  they  vrill  move  together  in  the  diagonal  of  that  parallelo- 
gram wboee  sides  represent  their  previous  moments  and  directions. 

From  theee  prineiples  it  follows  that,  if  two  inelastic  bodies,  If  and  N,  moving 

in  the  same  diieetion,  with  velocities  V  and  P,  come  in  contact,  tbeir  common 

MV+NV 
veloeitj  after  impact  will  be  expressed  by  the  formula  P'  =  — — — — . 

WhcB  the  bodies  move  in  opposite  directions,  the  velocitj  of  tbe  bodj  having 
the  greater  momentam  is  to  be  taken  as  positire,  and  the  other  negatire ;  the 
resaltaat  reloeity  will  be  in  the  direction  of  the  bodj  which  previouslj  had  the 
greater  momentam. 

Jjapact  considered  ^ritli  reference  to  via  ▼!▼&. — When  a  body 
in  moCiofi  strikes  another  body  at  rest,  which  is  free  to  move,  the  two 

MV 
bodies  have  a  common  velocity,  V^^  =  ^      ^.    The  vis  viva  after  im- 

pa4rt  vrill  be  expressed  by  (M  +  N)   P^'  =   .^         •    Suppose  the 

^eeood  body  .y  to  be  a  certain  number  of  times,  (represented  by  a,) 
10 
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greater  than  the  first  body  IT,  then  N==ali,    The  vis  viva  of  the  com- 

bined  mass  after  impact  will  then  become  77 — rr=  -ttt: r  =  ; — : — . 

'^  M-\-N     if(l-ffl)      l-f* 

Hence : — 

When  a  moving  body  strikes  a  body  at  rest,  and  the  ivso  move  on  i&geiker, 
the  vis  viva  of  the  combined  mass  is  as  many  times  less  than  the  vis  viva 
of  the  first  body  before  impact  as  the  combined  mcus  is  greater  than  the 
first. 

This  principle  shows  hotr  a  man  may  receiTe  the  most  Tiolent  strokes  of  a 
sledge-hammer,  upon  an  anril  laid  upon  his  ohest,  without  the  slightest  injury, 
when,  if  only  a  light  board  were  interposed  between  his  person  and  the  descend* 
ing  hammer,  the  stroke  would  be  iuBtantly  fatal  to  life.  The  interposition  of 
any  heavy  body  wards  ofif  the  force  of  a  blow  on  the  same  principles. 

PresBore  produced  by  impact. — Beaufoy  determined  that  a  bodj 
of  1  lb.  weight,  with  a  velocity  of  1  foot  in  a  second,  strikes  with  a  pres- 
sure equal  to  0*5003  lb.  To  find  the  pressure  produced  by  the  impact 
of  any  projectile,  we  have  the  general  formula. 

Pressure  =  0-5003  MV^, 

If  the  body  descends  vertically,  the  weight  of  the  body  itself  must  of 
course  be  added  to  the  direct  effects  of  impact. 

Destructive  effects  of  impact. — The  motion  communicated  to  Tery 
large  qj*  immovable  bodies,  by  an  impact  of  small  ones,  is  not  lost, 
but  becomes  insensible  from  its  enormous  diffusion.  Motion  can  be 
destroyed  only  by  motion  ;  friction  and  resistance  disperse,  but  do  not 
destroy  it.  An  impact  can  act  directly  upon  only  a  few  of  the  mole- 
cules of  the  body  to  which  it  imparts  motion. 

The  power  which  projects  a  bullet  acts  on  only  one-half  its  surface. 

The  motion  must,  therefore,  be  diffused  from  the  parts  struck  to  all 
the  other  parts  of  the  body,  before  it  can  begin  to  move ;  and  this  dif* 
fusion  requires  time,  which  may  be  short  indeed,  but  is  not  infinitely 
so.  It  happens,  therefore,  that  a  movable  body,  if  struck  by  another 
moving  with  great  velocity,  may  be  penetrated  or  broken  at  the  point 
of  impact,  without  being  itself  put  in  motion.  The  part  of  the  body 
which  receives  the  blow  is  set  in  motion  with  such  velocity  that  its  par- 
ticles are  rent  asunder  before  motion  can  be  communicated  to  the  mass 
of  the  body.  Sut;h  effects  appear  incredible  to  persons  unacquainted 
with  the  inertia  of  matter  and  its  consequences. 

A  rifle  ball  may  be  fired  through  a  pane  of  glass  suspended  by  a  thread, 
without  shattering  the  glass,  or  even  causing  it  to  vibrate.  A  door  half  open 
may  be  perforated  by  a  cannon  ball  without  being  shut  by  it.  A  soft  misaile, 
like  tallow,  or  a  light  one,  like  a  feather,  will  act  with  the  force  of  lead,  if  suffio 
eient  velocity  is  given  to  it.    Firing  a  tallow  candle  through  a  board  is  a  well- 
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known  fenC  of  showmen.  In  rieoekei  firing,  a  cannon  ball,  shot  at  an  eleration 
•f  from  3®  to  9^,  rebounds  from  the  sarface  of  water,  jost  as  erery  boj  has 
aaade  flat  stones  skip  from  point  to  point  on  its  sarface. 


i  2.  Meohanioal  Towen, 

113.  Tha  fewer. — A  lever  is  any  inflezible  rod,  fig.  55,  resting  on  a 
point,  F,  called  the  fulcrum,  and  around  which  any  two  forces  tend  to 
cam  it.  Levers  may  be  either  straight,  or  bent ;  simple,  or  compound. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  weight. 


55 


56 


11 


r 


Fig.  55  is  a  lever  of  the  Jirtt  elcus,  where  the  fulcrum  is  between  the 
power  and  the  weight     In  the  second  class,  fig.  56,  the  weight  is  be- 
tween the  fulcrum  and  the  power.     In  57 
the   third  doss,  fig.   57,  the   power  is 
applied  between   the  fulcrum   and   the 
weight. 

The  arms  of  a  lever  are  the  lines  on 
each  side  of  the  fulcrum,  at  right  angles 
to  the  direction  of  the  power  and  weight. 
In  the  three  figures  just  given,  the  levers  being  horixontal  and  the 
forces  vertical,  the  arms  of  the  lever  58 

are  evidently,  in  each  case,  the  por-  B 

tions  into  which  it  is  divided.     If,  ,-'''  \ 

however,   the  lever  is  bent  or  is  in-  y'' 

ciined  to   the  direction  of  either,  or 
b<ith,  of  the  forces,  then  the  arms  are 
the  perpendiculars  between  the  ful- 
cram  and  directions  of  the  forces.  (^ 
Thus  in  fig.  58  the  power  acting  in 

the  direction  B  P,  the  moment  of  the  power  is  not  ezpressei  by 
P  X  A  F,  but  by  P  X  B  F.  The  disUnce  from  the  fulcrum  is  called 
ihtUccragt, 


'-ei: 


\ 
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114.  Conditions  of  eqoilibriam  in  the  lever.— These  ooDditioni 
are :  1st,  The  lines  of  direction  of  the  two  forces  uiust  be  in  the  same 
plane  with  the  fulcrum ;  2d,  The  two  forces  must  tend  to  turn  the  lever 
in  opposite  directions ;  3d,  Whatever  may  be  the  class  of  the  lever  the 
weight  and  power  will  be  in  equilibrium  when  thej  are  inversely  as 
their  distances  from  the  fulcrum.  Thus  in  either  of  the  three  figures 
above 

P:W  =  FW:FP    or    PXFP=WXFW. 

Consequently  the  moment  of  the  power,  or  its  tendency  to  turn  tht 
lever  will  be  augmented,  either  by  increasing  the  power  itself  or  iti 
distance  from  the  fulcrum. 

The  pressure  on  the  fulcrum,  when  the  power  and  weight  are  in 
equilibrium,  is  found  by  applying  the  principle  of  the  composition  of 
forces  (46).  In  a  lever  of  the  first  class,  the  resultant  of  the  power 
and  weight  is  a  single  force,  equal  to  their  sum,  and  passing  through 
the  fulcrum  ;  consequently,  the  pressure  will  be  equal  to  the  sum  of  the 
power  and  weight.  In  a  lever  of  the  second  or  third  class  the  resultant 
is  equal  to  the  difierence  of  the  (>ower  and  the  weight. 

Compound  levers. — When  a  small  force  is  required  to  sustain  a 
considerable  weight,  and  it  is  not  convenient  to  use  a  very  long  lever,  a 
combination  of  levers,  or  a  compound  lever  is  employed.  When  such 
a  system  is  in  equilibrium,  the  power,  multiplied  by  the  continued  pro- 
duct of  the  alternate  arms  of  the  levers,  commencing  from  the  power, 
is  equal  to  the  weight  multiplied  by  the  continued  product  of  the  alter- 
nate arms,  commencing  from  the  weight.  For  example,  the  system 
represented  in  fig.  59,  consisting  of  three  levers  of  the  fiirst  class,  will  be 
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m  equilibrium  when 

P  X  A  F  X  B  F^  X  C  F^^  =  W  X  D  F^^  X  C  F^  X  B  F. 

If  the  long  arms  are  6,  4,  and  5  feet,  and  each  of  the  short  arms  1  foot, 
then  1  lb.  at  A  will  sustain  120  lbs.  at  D ;  but  if  a  simple  lever  had 
been  used,  the  long  arm  being  increased  simply  by  adding  these  quantio 
lies,  we  should  have  gained  a  power  of  only  6-f-4-|-5=15tol. 

115.  Application  of  the  lever. — Machines  and  utensils  in  daily 
use  offer  us  familiar  examples  of  the  three  classes  of  levers. 
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Of  the  Jirtl  deuM  we  name  the  crowbar  and  poker,  when  used  to  raise 
die  load  on  their  points.    Scis-  60 

•ors,  snaffers,  and  pincers  are 
pairs  of  levers  of  this  class, 
the  point  C,  fig.  60,  which  con- 
nects them  being  the  fulcrum. 
The  power  is  applied  at  the 
bandies,  and  the  resistance  is  the  object  between  the  blades. 

Another  example  of  the  bent  lever  is  seen  in  the  ordinary  track,  fig.  61,  aseJ 
for  moving  heavy  goods  a  ibort  distance.  In  this  machine,  the  axis  of  the 
wheels,  F,  is  the  fulcrum,  against  which  the  foot  is  placed,  while  the  weight  at  R 
is  raised  off  the  ground  by  the  hand,  applied  at  P. 


61 
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The  scale  beam,  or  balance,  is  one  of  the  most  useful  applicntions  of 
the  first  class  of  levers.  The  beam  is  a  lever  poised  at  its  centre  on  a 
knife-edge  of  steel,  a,  fig.  62.  From  its  ends  A  B  are  sunpended  the 
scale  pans  C  £.  The  centre  of  gravity,  m,  is  placed  below  the  fulcrum, 
a,  to  secure  a  horizontal  position  of  the  beam  when  in  equilibrium.  If 
it  coincided  with  the  fulcrum  the  balance  would  rest  equally  well  in  all 
positions,  and  if  it  were  above  the  fulcrum  the  beam  would  be  upset  bj 
a  slight  disturbance. 

The  steelyard  is  a  lever  of  the 
first  class,  with  unequal  arms.  The 
mass,  Q,  to  be  weighed,  is  attached 
to  the  short  arm.  A,  fig.  63,  and  it 
is  counterpoised  by  a  constant 
weight,  G,  shifted  upon  the  longer 
arm,  marked  with  notches  to  indi- 
cate pounds  and  ounces,  until  equi- 
librium is  obtained.  It  is  evident 
that  a  pound  weight  at  G  will 
balance  as  many  poands  at  Q  as  the  distance  G  C  is  greater  than  A  C. 
10» 
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Levers  of  the  second  class  occur  less  frequently.  A  pair  of  Dut- 
crackers,  with  the  fulcrum  at  the  <M 

joint  C,  fig.  64,  is  a  double  lever 
of  this  class.  An  oar  is  another 
example;  the  water  is  the  ful- 
crum, the  boat  is  the  weight,  and 
the  hand  the  power.  A  door  moving  on  its  hinges,  and  a  wheelbarrow, 
arc  other  examples  of  levers  of  the  second  class. 

In  levers  of  the  third  class^  the  power  being  nearer  the  fulcrum,  is 
always  greater  than  the  weight.     On  account  05 

of  this  mechanical  disadvantage,  it  is  used 
only  when  considerable  velocity  is  required, 
or  the  resistance  is  small.  Fig.  65  represents 
such  a  lever,  W  F,  moving  on  a  hinge  as  a  ful- 
crum ;  it  is  plain  that  the  power  P  moves 
through  a  small  arc,  and  the  weight  through  a 
large  one,  and  since  chey  are  described  in  the 
same  time,  the  velocity  of  the  power  is  less 
than  that  of  the  weight. 

The  common  flre-tongs,  sngar-tongs,  and  sheep-shears,  are  double  levers  of 
this  class.  The  most  striking  illustrations  of  this  class  of  levers  are  seen  in  tho 
animal  kingdom.  The  compact  form  and  beautiful  symmetry  of  i^nimi^u  depend 
on  the  fact  that  their  limbs  are  00 

such  levers.  The  socket  of  the 
bone,  a,  fig.  66,  is  the  fulcrum ; 
a  strong  muscle,  6  e,  attached 
near  the  socket  is  the  power, 
and  the  weight  of  the  limb  and 
whatever  resistance  to  may  op- 
pose to  motion,  is  the  weight. 
The  fore-arm  and  hand  are 
raised  through  a  space  of  one 
foot,  by  the  i.on  traction  of  a 
muscle  applied  near  the  elbow, 
moving  through  less  than  .L  that  space.  The  muscle,  therefore,  exerts  12  timM 
the  force  with  which  the  hand  moves.  The  muscular  system  is  the  exaet  in- 
version  of  the  system  of  rigging  a  ship.  The  yards  are  moved  through  small 
spaces  with  great  force,  by  hauling  in  a  great  length  of  rope  with  small  force ; 
but  the  limbs  are  moved  through  great  spaces  with  comparatively  little  force, 
by  the  contraction  of  muscles  through  small  spaces  with  very  great  force. 

Examples  of  oompound  levers  are  familiar  in  the  various  platform 
scales,  such  as  Fairbanks'  and  others.  However  various  in  form,  they 
all  depend  upon  the  principles  already  explained. 

The  principle  of  the  construction  of  the  weight  ig  mjekifu  is  Ulustrated  hi 
fig.  67.    It  consists  of  a  wooden  platform,  placed  over  a  pit  made  in  a  loos- 
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Hon  eonyenient  for  driying  hesyy  losda  npon  it,  and  is  so  arranged  ai  to  mor* 
fireely  np  and  down  withont  toaehing  the  walls  of  the  pit  The  platform  restn 
npon  fonr  levers,  A  F,  B  F,  C  P,  and  D  F,  all  converging  toward  the  centre  F, 
aad  eaeh  moving  on  a  fnlcmm  at  A,  B,  C,  D,  securely  fixed  in  each  comer  of 
the  pit.  The  platform  rests 
•n  ita  feet,  a*  e'  d*,  which 
rest  on  steel  points,  ahcd. 
The  fonr  levers  are  sup- 
ported at  the  point  F,  un- 
der the  centre  of  the  plat- 
form, hy  a  long  lever,  G  E, 
reeting  on  a  steel  folemm 
at  E,  while  ita  longer  arm 
at  G  is  eonneeted  with  a 
rod,  which  is  carried  np 
and  attached  to  the  shorter 
arm  of  the  steelyard,  and 
it  counterpoised  by  the 
weight  P,  which,  by  its 
position  on  the  longer  arm, 
indicates  at  once  the  weight 
of  the  load  placed  npon 
the  platform. 

Aa  the  four  levers  A,  B,  C,  D,  are  perfectly  eqaal  and  similar,  and  all  act 
upon  the  same  fulcrum  F,  the  effect  of  the  weight  placed  upon  any  part  of  the 
platform  is  the  same  as  if  it  were  concentrated  at  either  of  the  points  a,  6,  e,  d. 

In  ordm  therefore  to  ascertain  the  conditions  of  equilibrium,  we  need  only 
eonsider  one  of  these  levers,  as  A  F.  Suppose  the  distance  from  A  to  F  to  be 
If  times  as  great  as  ft-om  A  to  a,  a  force  of  1  lb.  at  F  would  balance  10  lbs.  at  a, 
or  on  any  part  of  the  platform.  So,  also,  if  the  distance  from  E  to  G  be  10 
times  greater  than  the  distance  from  the  fulcrum  E  to  F,  a  force  of  1  lb.,  ap- 
plied so  as  to  raise  up  the  end  of  the  lever  G,  would  counterpoise  a  Weight  of 
10  lbs.  on  F,  therefore,  1  lb.  tending  to  raise  G,  would  balance  100  lbs.  on  the 
platform.  If  the  poise,  P,  is  placed  5  times  as  far  from  the  fulcrum  of  the  steel- 
yard as  the  attachment  of  the  rod  eonneeted  with  G,  then  2  lbs.  at  P  will  balance 
10  lbs.  at  G,  or  100  lbs.  at  F,  or  1000  lbs.  on  the  platform.  If  the  weight  of  P 
and  the  graduation  of  the  steelyard  are  arranged  on  these  principles,  the  weight 
of  the  heaviest  loads  on  the  platform  may  be  determined  with  great  facility. 

Weigh-locks  on  eanals,  and  many  other  applications  of  the  compound  lever, 
an  arranged  on  the  same  principles. 

Robenral's  oonntar  platform  balance. — The  exterior  appearaoea 
of  this  balance  is  shown  in  fig.  68,  and  its  interior  arraDgement  in 
fig.  69.  The  equilibriom  of  this  system  of  levers  is,  like  that  of  fig.  67, 
independent  of  the  position  of  the  load  on  the  pans,  and  the  mechanism 
is  such  that  the  pans  move  on  a  vertical  stem  with  no  deflection  from  a 
horixontal  plane. 

Each  pan  is  supported  by  a  system  of  tiiree  levers,  A  B,  C  D,  E  F,  fig.  69. 
Tho  lever  D  C,  whieh  supports  the  pan  P,  rises  and  falls  equally  at  both  ends 
wir*  the  motions  of  the  beam  A  B,  0  being  attaohed  to  the  end  of  the  beam  B, 


op  soLins  AND  rLrir>8. 


IIG.  Tlie  wheel  and  axle. 

to  rniHe  wpjglits  ihrough  siiinll 
■pace)!,  \iy  n  fluccegaion  or  sburt 
intormittiug  efforts.  After  the 
freight  bus  been  ritisod  it 
bo  siipporteil  in  its  new  poBi- 
liSK,  until  the  Ibtbt  can  be 
ngnin  ndjualed,  to  repe-at  the 
ncti'ia.  Tbe  wheel  and  axis  is 
a  modifiuatiun  of  the  lever, 
whiub  DorrectB  tbii<  dttfect ;  aii<l. 


Ung  a 


n  of  the  lei 


•g  called  the  pyrpL-iual  lever. 
B  af  a  cylinder  called   the  axle,  turoin^  o 
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centre,  and  connected  with  a  wheel  of  much  greater  diameter.    The 

power  18  applied  to  the  circomference  of  the  wheel,  and  the  weight  i« 

attached  to  a  rope,  wound  around  the  axle  in  a  contrary  direction. 

Instead  of  the  whole  wheel,  the  power  may  be  applied  to  a  handle 

named  a  winch,  or  to  one  or  more  spokes  in-  71 

■erted  in  the  axle.    When  the  axle  is  horizontal 

the  machine  is  called  a  windlass,  fig.  70,  when 

it  18  Tertical  it  forms  the  capstan,  fig.  71,  nsed 

on  shipboard,  chiefly  to  raise  the  anchor.     The 

head  of  the  capstan  is  pierced  with  hole»,  in 

each  of  which  a  lever  can  be  placed,  so  that 

many  men  can  work  at  the  same  time,  exerting 

a  great  force,  as  is  often  necessary  in  raising  an 

anchor,  while  the  recoil  of  the  weight  is  arrested  by  a  catch  at  the 

bottom. 

The  law  of  equilibrium  is  the  same  as 
in  the  lever.  Draw  from  the  centre,  or 
fulcrum  c,  fig.  72,  the  straight  lines  c  b 
and  c  a,  or  c  of,  to  the  points  on  which 
the  weight  and  power  act ;  a  c  6,  or  a'^  c  6, 
is  evidently  a  lever  of  the  first  class,  in 
which  the  short  arm  c  6  is  the  radius  of 
the  axle,  and  c  a  or  c  a'^,  the  long  arm, 
is  the  radius  of  the  wheel.    Hence, 


72 


Or. 


/>Xac=TrXc6. 
P:  W=ch'.  ac. 


That  is  to  say,  the  wheel  and  axle  are  in  equilibrium,  when  the 
power  is  to  the  weight  as  the  radius  of  the  axle  is  to  the  radius  of  the 
wheel. 

In  one  revolution  of  the  machine,  the  power  moves  through  a  spaoa 
equal  to  the  circumference  of  the  wheel,  and  the  weight  moves  through 
a  space  equal  to  the  circumference  of  the  axle ;  hence  the  power  and 
weight  are  inversely  as  tlieir  velocities,  or  the  spaces  they  describe. 

117.  Trains  of  wheel- work. — The  efficiency  of  this  machine  is 
angmentedby  diminishing  the  thickness  of  the  axle,  or  by  increasing 
the  diameter  of  the  wheel.  But  if  a  very  great  power  is  required, 
either  the  axle  would  become  too  small  to  sustain  the  weight,  or  the 
wheel  must  be  made  inconveniently  large.  In  this  case  a  combination 
of  wheels  and  axles  may  be  employed.  Such  a  system  corresponds  to 
the  oompoand  lever,  and  has  the  same  law  of  equilibrium.    The  power 


flO  pnTsics  or  solids  ant>  fluids. 

being  applied  to  the  firat  wheel  traoimits  ita  effect  to  the  firat  ^e, 
this  acts  on  the  second  wheel,  which  traiiBfers  the  effect  to  the  secood 
Axle,  te.,  until  the  Torce,  tranimiitted  through  the  series  in  this  order, 
arrives  at  the  last  axle,  where  it  encounter*  the  resistance.  In  eqai> 
iibriuin,  the  power  multiplied  into  the  continued  product  of  the  radii 
of  all  tbo  wheels,  Is  equal  to  the  weight  multiplied  into  the  oontinued 
product  of  all  tbe  ailes. 

Trains  of  wheel-work  are  connected  bj  an  endless  band,  or  bj  oogs 
raised  on  tbe  surfaces  of  the  wheels  and  axles.  Cogs  on  the  wheel  are 
called  teeth,  and  those  on  the  axle  are  called  leaves ;  the  axle  itself  is 
named  a  shafL  The  number  of  teeth  on  the  wheels,  and  leaves  on  the 
pinions  is  proportional  to  their  circumferences,  and  also  to  their  radii. 
Hence,  the  number  of  teeth  and  leaves  is  substituted  for  the  radii  of  the 
wheels  and  axles,  and  the  law  of  equilibrium  is  slated  as  follows : 

Tht  potoo'  multiplied  into  the  product  of  the  number  of  teeth  of  all  tJU 
yAeds,  is  equal  to  the  tceiyhl  multiplied  into  Iht  product  of  the  nuni&CT' 
of  leaves  in  all  the  pinion». 

Aaalyaia  of  a  train  of  wbeel-work. — A  system  of  wheels  ia  rep- 
resented in  fig.  73.     If  tbe   number 
of  leaves  in  6,  the  pinion  of  the  first 
wheel,  is  one-sixth  of  the  number  of 
teeth  on  the  second  wheel.  «,  the  wheel 
will  be  turned  once  byeverj  six  turns 
of  the  pinion.     Let  the  second  pinion, 
e,  have  tbe  same  relation  to  tbe  third  ^ 
wheel,/;  then  the  fimt  wheel  will  r 
Tolve  36  times  while  the  third  revolves  S 
ones;  and  the  radius  of  a,  the  wheel  ^ 
to  which  the  power  is  applied,  being  3 
times  tbe  radius  of  d,  the  axle  which 
ssutaine  the  weight,  the  velocitj  of  the 
power  is  3  X  36  =  108  times  the  velo- 
city of  the  weight.     Or, 

P:  W=  1 :  108. 


^ojSlJS'w, 


Combinstioug  of  nheel-vork 

uc»  s  high  velooitj  bj  eiertii 
ower  li  appliad  (a  the  Brat  wt 
Irasdj  deaoiibed.  Id  the  i«cc 
lie  puHer  must  exert  iUelf  oi 
■liDD  of  the  tut  wheel.  Tbe 
iod    lbs  wstcb  It  an  iniUnoc 


emplojad  eicbar  to  noDoentrat*  or  to  dilTDH 
motion  bj  meuii  of  s  smkll  power,  or  to  pro. 

comideiable  poiisr.  Id  the  flrst  oast,  th* 
of  tba  ieri«B,  ADd  u  tiuimittad  In  thi  order 
iDBtiDCB,  ihia  arrangement  unat  be  ravarted ; 
e  ehaft,  d,  m  order  Ui  produoa  rapid  revo- 
le  rorboLitiaKgaod>iiu«ismpls  of  the  liral 
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118.  The  pulley. — Plzed  pulley. — The  usaal  form  of  this  machinfi 
is  a  sinail  wheel,  toming  on  its  axis,  and  having  74 

a  gruoTe  on  its  edge,  to  admit  a  flexible  rope  or  ^ 
chain.  In  the  simple  fixed  pulley,  fig.  74,  there 
is  no  mechanical  adrantage,  except  that  which 
maj  arise  from  changing  the  direction  of  the 
p^wer.  WhateTer  force  is  exerted  at  P,  is  trans- 
mitted, without  increase  or  diminution  (except 
from  friction  and  the  rigidity  of  the  rope),  to  the 
resistance  at  the  other  end  of  the  cord.  From  the 
axis  C,  draw  C  a  and  C  6,  radii  of  the  wheel,  at 
right  angles  to  the  direction  of  the  forces ;  aCb 
represents  a  lever  of  the  first  class,  with  equal 
arms;  hence,  in  equilibrium,  the  power  and 
weight  most  be  equal,  and  they  describe  equal  spaces. 

119.  Movable  pulley. — ^When  the  block  or  frame  is  not  fixed,  the 
pulley  is  said  to  be  movable.    The  weight  is  76 
suspended  from  the  axis  of  the  movable  pul-  v  ^ 
ley,  and  the  cord  is  fastened  at  one  end,  and 
passing  over  a  fixed  pulley,  is  acted  on  by  the 
power  at  the  other.    In  this  arrangement, 
fig.  75,  it  is  plain  that  the  weight  is  supported 
equally  by  the  power  and  the  beam  at  D.   For 
the  pulley  acts  as  a  lever  of  the  second  class, 
whose  arms  are  to  each  other  as  1:2;  the 
fulcrum   is  at  6,  6  c  is  the  leverage  of  the 
weight,  and  ba  the  leverage  of  the  power. 
The  diameter  6  a  is  twice  the  radius  6  c,  there- 
fore equilibrium  will  obtain  when  the  power 
is  equal  to  one-half  of  the  weight :  »'.  e., 

P:  W=bei  ba  —  \'.  2, 
therefore, 

P=^ 

^      2  ' 

To  raise  the  weight  one  foot,  each  side  of  the  cord  must  be  shortened 
one  foot,  and  the  power,  consequently,  passes  over  two  feet.  The 
space  traversed  by  the  power  is  twice  the  space  described  by  the 
weight. 

120.  Compoond  pulleys. — Sometimes  compound  pulleys  are  used, 
each  consisting  of  a  block  which  contains  two  or  more  single  pulleys, 
generally  |  laced  side  by  side,  in  separate  mortices  of  the  block.  Such 
aa  arrangement  is  shown  in  fig.  76.    The  weight  is  attached  to  the 
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moTftble  block,  and  the  fixed  on«  onlj  serroB  to  give  the  poirer  tbe 

required  direction.     It  is  easily  seeD  that  the  power 

required  at  Pia  juBt  the  HOiue  as  would  be  required  at 

auj  point  hetweeo  A  and  B.     The  weight  is  divided 

equally  among  the  pulleje  of  the  movable  block,  and, 

of  course,  among  the  cords  passing  around  them  ;  aod 

ns  the  power  required  to  sustain  a  given  weight  is 

diminished  one-half  by   a  single   movable  pulley,  it 

fullowH  that  such   a   system  will   be   in   equilibrium 

when  the  power  is  equal  to  the  weight  divided  bj  the 

Dumber  of  oords,  or  by  twice  the  number  of  movable 

pulleys. 

F:  ir=l:2n,     or,     P^^- 

Id  thi«  system,  as  in  the  single  movable  pulley,  the 
space  through  which  the  weight  is  raised,  is  as  much 
less  than  the  space  through  which  the  pover  descends, 
OS  the  weight  is  greater  than  the  p<iwer. 

P:  W=  velocitr  of  weight  :  .elooitj  gf  pgwar. 
If  the  power  is  moved  through  6  feet,  fig.  76,  each  division  of  the  cord 
in  which  the  movable  blouk  hangs  will  be  shortened  one  foot,  and  tb« 
weight  raised  one  foot. 

Another  system  of  pulleys  is  represented  in  TT 

Gg.  77.  In  this  arrangement  eoch  pulley  hangs  g=  »  i  y  y^ 
by  a  separate  cord,  one  end  of  whicli  is  attached  v  "Hff 
to  a  fixed  support,  and  the  other  to  the  adjacent 
pulley.  The  efieet  of  the  power  is  rapidly  aug- 
mented, being  doubled  by  each  movable  pulley 
added  to  the  system.  The  numbers  placed  near 
the  oords  show  what  part  of  the  weight  is  sus- 
tained by  each,  and  by  each  pulley.  Such  a 
system,  however,  is  of  little  practical  use,  on 
account  of  its  limited  range.  In  the  common 
block  system,  fig.  76  [in  practice  the  pulleys  or 
sheaves  of  each  block  are  placed  side  by  side, 
to  save  room,  here  they  are  separated  for  sake 
of  clearness),  the  motion  may  continue  until 
the  movable  block  touches  the  fixed  one ;  but 
in  this  only  till  D  and  E  come  together,  at 
which  time  A  will  have  been  raised  only  }  of  that  distanca. 


P:  W^l:12r 


P=-^- 
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121.  TIu  Inclined  plane. — Tbia  mechboical  power  ii  eommoalj 
lued,  wbenerer  bekij  loads,  especially  Bach  as  may  be  rolled,  are  to 
be  raised  a  mi>derate  height  In  this  waj  caaks  are  moTed  in  and  out 
ofeeUan,  and  loaded  apoii  carts.  The  common  d  raj  is  itself  an  inclined 
plane  (■•  ii  elearlj  seen  bj  intpecUog  fig.  78),    Suppose  a  cesk  wdgb- 


ing  500  Ibe.  is  to  be  nused  4  Teet  b;  meani  of  a  plank  12  feet  long ;  it 
la  plvn,  that  while  the  cuk  ascends  onlj  fonr  feet,  the  power  must 
ue»  itself  through  12  feet,  and  hence,  12  ;  4  =  500  :  166|,  the  force 
necessarj  to  roll  the  cask. 

In  mechanics,  the  inclined  plane  is  a  hard,  smooth  surface,  inclined 
obliquelj  to  the  resistance.  The  length  of  the  plane  is  RS,  &g.  79, 
ST  its  height,  and  RT  its  base.     The  power  ma;  be  applied, 

a — Id  a  direction  paraltei  to  the  length  ; 

b — Or  parallel  to  the  base ; 

e — Or  in  anj  other  direction. 

Id  each  case  the  conditjons  of  equilibrium  may  be  derived  from  thoet 
of  the  lever. 

122.  ApplloatloB  of  tbe  power  paiallel  to  the  length  of  tlia 
inollned  plane. — When  a  body  is  placed  upon  an  inclioed  plane,  Gg 
*  79,  ila  weight,  which  is  the 

.  acts  in  the  direction  of  the 
force  of  gravity,  namely  in 
the  perpendioolar  ba.  Let 
the  power,  P,  act,  by  means 
of  the  cord,  in  the  direction 
ae,  parallel  to  the  inclined 
plane  R  S,  then  from  the 
pnint  a  draw  a  d  at  right  I 
angles  with  the  inclined  ■ 
plane,  and  complete  the 
paralle](^7*in  aebd.    The  force  of  gravity  will  b«  resolved  into  twc 
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other  forces ;  one  represented  by  6  c  causing  pressure  on  the  inclined 
plane ;  the  other,  represented  by  c  a,  tending  to  cause  motion  down  the 
inclined  plane.  This  latter  force  is  to  be  balanced  by  the  power  ap 
plied  to  mo?e  the  body.    The  body  will  therefore  be  sustained  when 

F:  W=ac:  ab; 

and  since  the  triangles  abc  and  R S T  are  similar, 

P:  ir=ST:RS; 
Or 

r.  ,xr  ST 

This  may  be  illustrated  by  an  apparatus  constructed  like  that  shown 
in  the  figure. 

If  the  direction  of  the  power  is  parallel  to  the  inclined  plane,  equili* 
brium  will  obtain,  when  the  power  is  to  the  weight  as  the  height  of 
the  plane  is  to  its  length.  While  the  weight  is  raised  through  a  space 
equal  to  the  vertical  height  of  the  plane,  the  power  must  move  through 
a  space  equal  to  its  length.  If  the  length  of  a  plane  is  10  feet,  and  its 
height  2  feet,  P  must  move  10  feet,  while  W  is  raised  2  feet;  hence  the 
power  and  weight  are  inversely  as  their  velocities. 

123.  Application  of  the  power  parallel  to  the  base  of  the 
inclined  plane. — In  the  second  case, 
let  the  power  act  in  the  direction  of  a  P, 
fig.  80,  parallel  to  BC,  the  base  of  the 
plane ;  and  draw,  the  lines  b  a  and  b  c 
perpendicular  to  the  direction  of  the 
power  and  weight:  then  abc  is  a 
bent  lever,  having  its  fulcrum  at  6,  and 
equilibrium  will  take  place  when 

P:  W=bc:  ab; 
and,  the  triangles  abc  and  ABO  being  similar, 

P:  >r=AB:BC; 
Or 

«  TX,         AB 

^=^Xbc- 

If  the  direction  of  the  power  is  parallel  to  the  base  of  the  plane, 
equilibrium  will  obtain  when  the  power  is  to  the  weight  as  the  height 
of  the  plane  is  to  its  base. 

In  this  case  the  space  described  by  the  power  is  to  the  space  described 
by  the  weight  as  the  base  of  the  plane  is  to  its  height. 
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124.  AppIieatioD  of  tha  power  In  aome  dlr«oUoii  not  parallel 
to  ■ny  side  of  tbo  plane. — I*atlj,  let  the  power  act  in  Buue  direc- 
liuD  nut  paxallel  to  anj  aide  of  tbe  plane ;  fur  example :  in  the  directloo 
aP,  6g.  81,  draw  tbe  lines  be  and  ba  perpendiculac  to  tbe  directiuna 
of  the  two  furcw;  then,  aa  before, 

Pi  W=be:ab. 
But  as  the  triangle*  abe  and  ABC  are  not  similar,  tbe  proportion 
between  tbe  armi  of  tbe  Ibtcf  cannot  81 

be  espreaeed  bj  tbe  aide*  of  the  plane. 


prauara  at  Um  bndj  on  the  plko 

125.  The  wedge. — Instead  of  liftiDg  a  load  bj  moving  it  along  a 
inclined  plane,  the  tame  result  may  be  obtained  bj  BI 

moring  the  plane  under  the  load.  When  used  in  this 
manner,  tbe  inclined  plane  is  called  a  wedge.  It  is 
cnstomary,  howerer,  to  join  two  plBoes  base  to  baxe. 
In  fig.  82,  A  B  ia  called  Uie  back  of  tbe  wedge,  A  C 
and  BC  its  sldea,  and  dC  it«  length.  The  power  ia 
applied  to  the  back  of  the  wedge,  so  as  (o  drive  it 
between  two  bodies,  and  oTercome  their  resistance. 
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127.  Tha  Bcrew. — Tbis  mochina  hu  the  Bome  reUtion  to  tho  ordi- 
nar;  inclined  plane  that  a  spiral  Bt&ircaw  bu  to  x  straight  one.  Tbia 
rolatiun  is  shown  in  fig.  83,  the  dotted  line  K  L  » 

marking  the  continuation  of  the  spiral.  Tbs 
position  of  the  different  parts  of  an  inclined 
plane  upon  a  screw  is  shown  in  flg.  84.  ahcAtfg, 
is  the  spiral  courseofUie  inclined  plane  upon  the 
screw,  and  a  </  e'  g'  are  points  in  the  straight 
inclined  plane  corresponding  to  similar  letters  on 
the  threads  of  the  screw,  as  would  be  seen  b; 
winding  the  plane  around  the  cylinder.  The 
thread  of  a  screw  projects  from  the  surface  of  the  djlinder,  and  ia 
designed  to  fit  into  a  spiral  groove,  cut  in  the  interior  of  a  block  called 
the  nut;  a  lever  is  also  SI 

fixed  in  (he  head  of  the 
cylinder 


to  which  the 
power  ia  applied.  The 
combination  of  these  c 
parts  forms  the  mecha- 
nical power  (echnicall; 
called  the  screw. 

Id  working  the  screw,  the  resistance  acta  on  the  inclined  face  of  tha 
thread,,  and  the  power  parallel  to  the  base  of  the  screw.  This  cor- 
responds to  the  case  in  which  the  direction  of  the  power  is  parallel  to 
the  base  of  the  inclined  plane.  Equilibrium  will,  therefore,  take  place 
when  the  power  is  to  the  resistance  as  the  distance  between  the  threads 


of  tl 


r  is  to  the  circumference  described  hy  the  power. 
P:  W^h:  2HH,  and  F=  ITX  5 


A  being  the  distance  between  the  threads,  R  the  radius  of  the  acrew,  or 
of  the  length  of  the  lever  attached  to  it,  aud  >r  the  ratio  of  the  circnm- 
ference  of  a  circle  (o  its  radius. 

During  each  reviilniinn  the  power  describes  a  circle,  whose  circum- 
ference depends  on  the  length  of  the  lever,  but  the  end  of  the  screw 
advances  onlj  the  distance  between  two  threads ;  thus  in  this,  as  in  til 
cases  of  the  use  of  machinea,  what  is  gained  in  power  is  lost  in  velocitj. 
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128.  Kacbanioal  ASciancy  and  appUoatlona  of  the  accew.— 
The  iii,echuiicml  efficieucj  of  tbe  screw  U 

ia  aagmonted,  either  bj  iDcreuing  tba 
length  of  the  lever,  or  bj  lessening  the 
distaiic*  betirecQ  tbe  threads.  If  tbe 
thteode  of  m  eoeir  u«  1  of  an  inch 
apart,  and  the  poner  deaeribee  a  circle 
of  &  feet  (120.  half-inches)  cireumfer- 
mee,  a  power  of  1  lb.  will  balance  a 
remtanoe  of  120  Ibe. ;  if  (he  threads 
aro  i  incli  apart,  1  lb.  will  balance  240 
Iba.,  the  eSciMiej  being  doubled. 

Fine  eeiawe  are  therefore  more  power- 
fal  UwD  eoane  ones.  The  applications 
of  tbie  DKWt  neefnl  mechanical  power 
aro  too  ntuneroas  to  mention,  but  no 
More  freqnent  or  important  example  of  ita  nse  can  be  named  than  ia 
—en  in  ita  nae  in  prsiaea  of  oearlj  all  kinds.  A  good  illustration  of 
which  is  seen  in  the  copying  press,  fig.  85. 

129.  Tbe  endlaaa  aoraw  is  a  contrivance  by  which  a  slow  motion 
■a  imparted  to  a  wheel,  as  shown  in  fig. 
86.     Tbe  threads  of  tbe  screw  act  upon  , 
tbe  cogs  of  the  wheel,  aad  serre  to  n 
tbe  weight  Q.  attached  to  the  axis  M  L. 
If  we  call  the  radios  of  the  circle  de- 
ambed  bj  the  winch  D  B  ^  r,  and  let 
il  =  tbe  distance  between  the  threads  of 
tbe  aerew,  w«  shall  have  the  power  of  the 

•eraw  =  -j-.    Lot  J  =  M  F,  and  * 

JJ'  ■=  M  Iv  and  tbe  power  of  tbe  wheel  and  axle  will  =  ^ 
Then  W;  P=2nrX  B:hX  S'; 


^   hR'  ' 

Tberefora  the  weight  ia  to  the  power  as  the  circumference  of  th« 
circle  described  hj  the  winch  D,  multiplied  bj  the  radius  of  the  wheel, 
ia  to  tbe  distance  bef-reen  tbe  threads  of  the  screw  multiplied  by  tbe 
radius  of  tbe  azi*. 
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2  3.  Strength  and  Power. 

130.  Animal  strength. — The  mechanical  effect  produced  by  men 
and  animals  is  subject  to  extreme  variation,  according  to  the  various 
ciroumstanoes  under  which  it  is  applied.  The  effect  produced  is  deter- 
mined by  multiplying  the  load  (or  weight)  by  the  speed.  There  is 
always  a  certain  relation  between  the  elements,  which  will  give  the 
maximum  effect ;  for  the  load  may  be  so  great  that  it  will  require  all 
the  strength  of  the  animal  to  support  it,  and  then  he  cadbot  move ;  or, 
again,  the  animal  may  have  a  speed. of  motion  so  great,  that  he  cannot 
carry  any  load,  however  small. 

131.  Strength  of  men. — It  has  been  found  that  the  strength  of  a 
man  may  be  exerted,  for  a  short  time,  most  advantageously  in  rising  a 
weight  when  it  is  placed  between  his  legs.  The  greatest  weight  that 
can  be  raised  in  this  manner,  varies  from  450  to  600  lbs. ;  its  average 
amount  does  not  however  exceed  250  lbs. 

The  greatest  mechanical  effect  from  muscular  force  is  obtained  when 
the  animal  acts  simply  by  raising  his  weight  to  a  given  height,  and 
then  is  lowered  by  simple  gravity,  as  upon  a  moving  platform,  the 
animal  actually  resting  during  the  descent.  In  other  words,  the  animal 
affords  a  convenient  mode  of  raising  a  given  weight  (his  own)  to  a 
certain  height.  Thus,  if  two  baskets  are  arranged  at  each  end  of  a 
rope  hung  over  a  pulley,  and  a  weight  to  be  raised  is  placed  in  one  of 
the  baskets,  one  or  more  men,  whose  weight  is  greater  than  that  of  the 
load  to  be  raised,  can,  by  getting  into  the  empty  basket,  raise  the 
weight  as  often  as  may  be  required.  It  has  been  found  by  experiment 
that,  in  this  way,  a  man  working  eight  hours  can  produce  an  effect 
equivalent  to  2,000,000  lbs.  raised  one  foot ;  while  at  a  windlass  an 
effect  of  only  1,250,000  lbs.  is  produced,  and  at  a  pile  engine,  only 
750,000  lbs.  In  the  tread-mill,  the  daily  effect  of  men  of  the  average 
strength  is  1,875,000  lbs.  raised  one  foot.  Spade  labor  is  one  of  the 
most  disadvantageous  forms  in  which  human  labor  can  be  applied ;  the 
force  exerted  being  always  much  greater  than  the  weight  of  the  earth 
raised.  The  muscular  effect  of  the  two  hands  of  a  man  is  about  (50  k) 
110}  lbs.,  and  for  a  female  about  two-thirds  of  this  quantity. 

132.  Horae-power  machines. — One  of  the  most  advantageous 
methods  of  applying  the  strength  of  animals,  is  by  machines  con- 
structed upon  the  principle  of  the  tread-mill.  In  practice,  however,  it 
has  been  found  more  convenient  to  apply  horse-power  to  machinery  by 
means  of  a  large  beveled  or  toothed  wheel,  fixed  horisontally  on  a 
strong  vertical  axis,  as  in  fig.  87.  The  horses  are  attached  to  project- 
ing arms  of  this  wheel,  and  as  they  move  in  their  circular  path,  they 
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87 


push  against  their  collars,  and  make  the  wheel  revolve.  This  beveled 
wheel  acts  on  a  beveled  pinion  attached  to  a  horizontal  shaft,  in  ooo- 
nection  with  the  machinery  to 
be  set  in  motion.  The  mazimnm 
effect  which  a  horse  can  exert 
in  drawing  is  900  lbs.,  bat  when 
he  works  oontinaooslj,  it  is 
mneh  less.  In  the  machine  just 
mentioned,  a  horse  of  average 
strength  produces  as  mach  effect 
as  seven  men  of  average  strength 
working  at  a  windlass.  Accord- 
ing to  experiments  made  bj 
Predgold,  it  appears  that  the 

average  load  which  a  single  horse  can  draw,  at  the  rate  of  20  miles  per 
da  J,  in  a  cart  weighing  7  cwt.,  is  one  ton  of  1800  lbs. 

133.  Table  of  the  comparative  atrength  of  men  and  other 
animals. — The  following  CHtimates  of  the  relative  strength  of  man  and 
other  animals,  have  been  given  by  the  authorities  whose  names  are 
indicated,  Coulomb's  estimate  of  the  labor  of  a  man  being  in  each  case 
taken  as  the  unit. 

Carrying  loads  on  the  back,  on  a  level  road : 

Horse,  AceordiDg  to  Bmnacci,  4*8 

"  "  Wessemann,     8*1 

Male,  "  Bmnacci,         7*8 

In  drawing  loadst,  on  a  level  road,  with  a  wheeled  vehicle: 

Man  with  a  wheelbarrow,  accordiog  to  Coulomb,         10*0 
Horset  ia  foar- wheeled  wagoD,     "  "  175*0 

**       in  two-wheeled  cart,  according  to  Bmnacci,  243*0 
Mole,  "  "  "  "         2330 

Ox,  "  «  "  "         1220 


RADCLfFFr 


Hassenfratx  gives  the  following  comparative  estimate : 


la  tmnjimg  toada  oa  a  1«t«1  road. 

Mad, 10 

Horse, 8*0 

Mule, 80 

Ass, 4*0 

Camel, 310 

Dromedary,   ......  25*0 

Elephant, 147*0 

Dog,       10 

Reindeer, 3*0 


la  drawiaf  leads  ea  a  lev  1  road. 

Man, 10 

Horw, 7*0 

Mule, 7*0 

Ass, 2*0 

Ox,        4  to  7*0 

Dog 08 

Reindeer,       0*2 


134.  Steam-power. — ^Water  is  converted  into  steam  by  the  applicar 
lioa  of  beat    Steam  is  an  elastic,  condensible  vapor,  capable  of  exert- 
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ing  great  force.  During  the  conversion  of  a  cubic  inch  of  water  into 
8t«am  a  mechanical  force  is  exerted,  which  may  be  stated,  in  round 
numbers,  as  equivalent  to  a  ton  weight  raised  one  foot  high.  The 
water  is  merely  the  medium  by  which  the  mechanical  effects  of  heat 
are  evolved.  The  real  moving  power  is  the  combustible,  the  coal  or 
wood,  consumed  in  the  evaporation  of  the  water. 

The  maximum  effects  from  a  given  weight  of  ooal,  in  evaporating 
water,  and  consequent  mechanical  effect,  have  been  obtained  in  Corn- 
wall, England,  where  a  bushel  of  coal,  weighing  84  lbs.,  has  produced 
a  mechanical  effect  equivalent  to  120,000,000  lbs.  raised  one  foot. 
Probably  100,000,000,  is  the  maximum  mechanical  effect  attainable,  in 
regular  work,  by  the  consumption  of  a  bushel  of  coal. 

As  the  maximum  effect  produced  by  man  is  2,000,000,  and  that  of  a 
horse  10,000,000,  it  follows,  that  one  bushel  of  coal  consumed  daily 
may  perform  the  work  of  50  men  or  10  horses. 

In  the  chapter  on  heat  and  the  steam-engine,  this  subject  will  be 
more  fully  considered.  It  is  introduced  here  only  for  the  sake  of  the 
convenient  standards  of  force  it  gives  us. 

The  dynamomeUr,  already  described  (37),  is  employed  to  measure  the 
efficiency  of  any  given  mechanical  power. 

135.  Perpetual  motion. — Many  visionary  persons  have  convinced 
themselves  of  the  possibility  of  constructing  a  machine  to  work  con 
tinuously,  with  no  new  access  of  power.    That  such  a  machine  is  im 
possible,  in   the  nature  of  things,  is  88 

clear  from  the  fact  that  no  combina- 
tion of  parts  in  a  machine  can  create 
power.  A  machine  can  only  transmit 
force,  subject  to  the  various  losses 
incident  to  friction  and  other  resist- 
ances. 

Fig.  88  shows  one  of  the  numerous 
forms  of  apparatus  contrived  in  the 
vain  effort  to  elude  the  laws  of  nature 
and  produce  a  perpetual  motion.  The 
eight  balls  are  hinged  on  points,  in 
such  a  way  that  those  on  the  falling 
side  are  held  farther  from  the  axis  than  those  on  the  rising  side.  Not 
only  does  experiment  show  that  such  a  machine  wiU  not  work,  but  it 
is  plain  that  the  sum  of  the  resistances  (aside  from  friction,  &c.) 
must  equal  the  sum  of  the  powers. 

Nature,  in  cataracts,  in  the  revolution  of  the  earth  and  other  heavenly 
bodies,  furnishes  us  examples  of  perpetual  motion.    But  in  meohaniot 
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this  term  implies  the  assumed  capacity  of  a  machine  to  continue  the 
performance  of  its  work  by  some  renewing  force— as  of  a  clock  which 
should  wind  itself  up  in  proportion  as  by  gravity  it  runs  down — a 
thing  plainly  impossible. 

i  4.   Impediments  to  Motion. 

136.  PaasiTO  resistances. — Besides  those  resistances  which  a  ma 
chine  is  designed  to  overcome,  there  are  certain  others  which  aris<^ 
during  the  movement  of  the  machine,  and  oppose  its  useful  action  by 
destroying  more  or  less  of  the  moving  power.  These  forces  are  desig- 
nated by  the  general  name  of  passive  resistances,  or  impediments  to 
motion. 

Several  kinds  are  distinguished : 

1st. — When  we  attempt  to  cause  one  body  to  slide  over  another,  a 
resistance  is  experienced,  so  that  it  is  necessary  to  use  a  certain  degree 
of  force  to  commence  the  sliding,  and  also  to  continue  the  motion  after 
it  has  been  begun.  This  is  the  resistance  called  sliding  friction^  or 
simply  friction. 

2d. — When  a  cylindrical  body  is  rolled  on  a  plane  surface,  the  move- 
ment is  opposed  by  a  force  called  the  rolling  friction.  It  is  seen,  for 
example,  in  the  rolling  of  carriage  wheels  on  the  ground. 

3d. — The  ropes  and  chains  which  enter  into  the  composition  of  some 
machines,  are  supposed,  in  theory,  to  be  perfectly  flexible,  but  as  they 
are  not  so,  a  considerable  loss  of  power  is  caused  by  their  stiffness,  or 
imperjed  flexibility, 

4th. — The  movements  of  all  machines  take  place  either  in  air  or 
water,  and  the  particles  of  these  fluids  which  come  in  contact  with  the 
machine,  are  continually  set  in  motion,  which  can  only  happen  at  the 
expense  of  the  moving  power.     This  is  called  the  resistance  of  fluids, 

137.  Sliding  friction. — If  the  surfaces  of  bodies  were  perfectly  hard 
and  smooth,  they  would  slide  upon  each  other  without  any  resistance. 
But  the  most  highly  polished  surfaces  are,  really  (as  they  appear  under 
the  microscope),  full  of  minute  projections  and  cavities,  which  fit  in 
each  other  when  two  surfaces  are  brought  into  contact.  The  force 
required  to  overcome  the  roughness  and  consequent  adhesion  of  sur- 
faces is  the  measure  of  friction.  This  quantity,  divided  by  the  weight 
of  the  body,  forms  a  fraction  which  is  called  the  co-efficient  of  the 
friction. 

138.  Starting  friction — Friction  daring  motion. — The  amount 
of  force  necessary  to  commence  the  motion  of  two  bodies,  sliding  on  each 
other,  is,  in  most  cases,  greater  than  the  force  required  to  continue  the 
movement  uniformly  after  it  has  been  begun ;  hence  this  resistance  is 
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diHtinguidhed  into  two  kinds,  HtArtiog  frictJoD,  uid  friotion  danng 
mutioD.  They  are  aino  called  statical  and  djaamical  frictiun.  Whewell 
propasea  to  name  the  former  itrirfiort,  reeerving  the  word  friction  for 
the  latter.  IIoireTer  named,  tbe  laws  of  each  cbd  be  determined  onlT 
bj  experiment. 

Coulomb's  appoiatna  for  detennlnins  abuting  friotion. — Dif- 
ferent observers  ore  bj  no  means  agreed  in  reapeot  to  all  the  taire  of 
friction  ;  we  ehall  bere  follow  the  resultB  obtained  in  1781,  b;  tlie 
selebrated  French  philueopher  aod  matbematioiiiD,  Coulomb.  In  1831, 
Morin,  bj  command  of  the  French  government,  repeated  and  enlarged 
the  eiperimenta  of  Coulomb,  uauall  j  verifjing  his  general  couoluEions. 
Tbe  principal  apparatus  used  by  Coulomb  is  repreBent«d  in  Eg.  89. 


It  oongists  of  a  horiEcintal  table ;  a  box.  A,  to  receive  tbe  weights  uFed 
to  produce  the  diSerent  pressures  ;  a  pan,  D.  on  which  were  placed  tbe 
weights  to  drag  tbe  bin  uloog  the  table  by  means  of  a  cord  parsing 
over  a  pulley.  Tbe  box  was  mounted  on  slides,  of  the  same  subslaoce 
OD  which  the  experiment  was  to  be  mads,  and  corresponding  slips  of 
the  same,  or  a  different  substance,  were  placed  under  tlie  sliders  on 
tbe  table.  The  amount  of  the  weight  required  to  be  placed  in  D,  to 
move  the  box  from  a  state  of  rest,  is  the  measure  of  starting  friction ; 
and  the  weight  necessarj  to  continue  the  movements  nnifonnly,  i*  tha 
measure  of  friction  during  motion. 

Reanlta  of  Coalomb'a  ezparimanta  on  itaitlnE  Motian.— 
Without  detailing  tbe  eiperimeata,  it  will  be  sufGcient  to  state  their 
general  resuTts  embraced  in  the  following  laws: — 

Friction  during  movement  is, 

IsL — Proportional  to  the  preaaure  exerted  upon  the  sliding  aurfacce 

2d. — Independent  of  the  extent  of  the  surfaces  in  eoutaQt. 

3d. — Independent  of  the  velocity  of  the  movement. 

4th, — Greater  between  surfoceB  of  the  same  than  Burfacnt  of  different 
materials 
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5th.-"QTeate8t  between  rongh  surfaces,  and  is  diminished  bjf  polish* 
ing,  and  nsnallj  bj  the  use  of  suitable  unguents. 

Friction  at  starting  is, 

1st. — Proportional  to  pressure. 

2d. — Independent  of  extent  of  surface. 

3d. — (Generally  increased  bj  polishing  the  surfaces. 

The  friction  at  starting,  and  during  the  movement,  are  the  same, 
when  the  sliding  surfaces  are  hard,  like  the  metals ;  but  if  the  bodies 
are  compressible,  like  wood,  the  starting  friction  is  much  the  greatest. 
When  at  least  one  of  the  surfaces  is  compressible,  the  resistance  is  not 
always  the  same,  but  varies  according  to  the  time  the  surfaces  have 
been  in  contact.  If  wood  slides  on  wood,  the  starting  friction  attains 
ha  greatest  intensity  in  two  or  three  minutes ;  but  if  the  sliding  sur- 
faces are  wood  and  metals,  the  greatest  intensity  is  not  reached  for  a 
much  longer  time,  several  hours,  and  sometimes  several  days.  But  after 
a  certain  time  has  elapsed,  the  starting  friction  is  no  longer  augmented 
by  lengthening  the  time  of  contact. 

It  appears  strange  at  first,  and  contrary  to  our  previous  ideas,  that 
the  friction  at  starting,  and  during  movement,  should  not  be  increased 
by  enlarging  the  surfaces  in  contact,  and  vice  versa.  The  explanation  is 
this.  Friction  is  proportional  to  pressure;  if,  therefore,  two  bodies 
have  the  same  weight,  and  one  has  twice  the  surface  of  the  other,  the 
weight,  being  equally  distributed  on  each  surface,  will  be  twice  as 
great  on  each  point  of  the  surface  of  the  first  body  as  on  each  point  of 
the  second,  and  consequently  the  friction  at  each  point  of  the  first  is 
twice  the  friction  at  each  point  of  the  second,  and  the  whole  friction 
most  be  the  same  for  each  body.  This  law,  however,  does  not  hold  good 
in  extreme  cases. 

With  the  same  pressure,  the  friction  varies  exceedingly  according  to 
the  nature  of  the  surfaces  in  contact.  The  following  table  shows  the 
ratio  of  friction  in  several  casei,  the  pressure  being  100. 


Saiikee«  In  e«ntftek 


M 
M 

it 
u 


t€ 
U 
i* 
U 


it 
it 


Wood  upon  wood, 

with  costing  of  soap,  .    . 
"         **        of  Ullow,    . 

metals, 

"        with  coatiog  of  tallow,  . 

Leather  bands  on  wood, 

**  "      wet, 
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I     M        **        **      with  eoating  of  olive  oil. 
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0-36 
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008 
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0-87 

0-33 

018 

018 
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139.  RolUug  Motian.— The  resiBtaDoe  experienced  in  rolling  ■ 
cylinder  alnog  a  plane  aurfaca  ie  distinct  in  cbarocMr  from  the  frictioD 
produced  in  sliding  the  cylinder,  ttad  verj  much  less  in  antonnt.  Id 
wood  rolling  on  wood  the  proportion  of  reautanee  to  proaare  it  from 
16  to  1000,  or  6  to  1000,  while  the  eliding  friction  in  the  ume  ewe  would 
be  ax  5  to  10,  or  36  to  100,  according  to  the  kind  of  elidinf;  faction.  The 
reaietance  of  rolling  friction  nrisea  from  a  alight  change  of  form  pro- 
duced in  the  bod;,  and  the  aurfaca  on  which  it  moves,  and  oorraapond- 
ing  to  the  amount  of  pressure.  The  cylinder  ia  flattened,  and  the  plane 
depreaaed,  so  that  the  moving  force  is  exerted  in  oontinnally  moving 
the  body  up  a  very  minute  inclined  plane. 

Conlomb'a  appai-atna  foi  detetmlning  lolUng  Motion. — The 
apparntus  employed  by  Coulomb,  consinted  of  two  bars,  horiiontal  and 
parallel,  with  a  space  between  thorn,  flg.  90,  A  cylinder  of  the  lame, 
or  a   different   suhHtnnce.   waa    placed  W 

tranaveraely  acroHS  the  bars,  and  loaded 
with  any  required  presnure  by  banging 
atringg  upon  it,  carrying  equal  weights 
at  their  extremities.  Another  string,  I 
wound  BBTeral  times  around  the  middle 
of  the  cylinder,  carried  a  pan  e  to  re- 
uciva  tbe  weight  neceaaary  to  produce 
motion.  It  is  evident  that  this  weight 
acted  alwnya  at  the  extremity  of  the 
mdiua  of  the  cylinder  a«  a  lever. 

Roaalta  of  Coulomb's  ezperl- 
menta  on  rolling  friotlon. — From  the 
experiments  were  derived  tbe  following 

The  friction  of  rolling  bodiea  is, 

1st. — Proportional  (o  pressure. 

2d.-~lndepcudent  of  velocity,  of  the  diameter  of  the  cylinder,  and  of 
the  extent  of  the  surfaces  in  contact. 

3d.  Greater  when  the  sabstancea  are  the  same  than  when  they  are 
dlfferenl. 

4th. — Not  diminiabed  by  coalings  of  grease,  but  is  ao  by  the  polish 
of  the  surfaces. 

If  the  force  which  produces  the  movement,  instead  of  being  applied 
always  at  the  same  arm  of  the  lever,  fig.  90,  were  applied  boriiontaJly 
at  Che  centre  of  the  cylinder,  or  at  tbe  upper  extremity  of  its  vertical 
diameter,  it  would  be  inversely  proportional  to  the  diameter. 

The  friction  of  tbe  axle  of  a  wheel,  whether  the  axle  itaelf  turns,  or 
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the  wheel  on  the  axle,  is  somewhat  less  than  sliding  friction,  but  obeys 
the  same  laws.  The  friction  of  axles  may  be  reduced  one-half  or  one- 
qaarter  its  original  amount  by  the  use  of  proper  unguents. 

140.  Mr.  Babbaga's  axpeiiment. — Mr.  Babbage  cites  an  instruc- 
tire  experiment  to  illustrate  the  decrease  of  friction.  A  block  of  stone 
weighing  1080  Ibe.  was  drawn  on  the  surface  of  a  rock  by  a  force  of 
758  lbs. ;  placed  on  a  wooden  sledge,  it  was  drawn  on  a  wooden  floor  by 
a  force  of  606  Ibe. ;  when  both  wooden  surfaces  were  greased,  182  lbs. 
was  sufficient;  and  when  the  block  was  mounted  on  wooden  rollers  of 
three  inches  diameter^  a  force  ^  only  28  lbs.  was  required  to  move  it.' 

141.  AdTantagea  derived  from  friction. — The  advantages  arising 
from  friction  are  vastly  greater  than  the  loss  of  power  which  it 
occasions.  Without  this  property  of  matter  it  would  be  equally  impos- 
sible to  make  or  nse  machines,  for  nothing  could  be  nailed,  or  screwed, 
or  tied  together,  or  grasped  securely  in  the  hand.  From  the  difficulty 
of  walking  on  very  smooth  ice,  we  may  infer  how  useless  would  be  the 
T/SoTi  to  move,  if  our  feet  met  no  resistance  whatever. 

142.  Rigidity  of  ropes. — When  ropes  are  used  to  transmit  force, 
their  stiffness  occasions  a  considerable  loss  of  power,  amounting,  in 
some  combinations  of  pulleys,  to  two-thirds  of  the  whole  power.  The 
amount  of  the  loss  from  this  cause  is  modified  by  many  external  cir- 
cumstances, such  as  the  dampness  of  the  cordage,  its  quality,  and  the 
manner  in  which  it  is  made.     In  general,  the  resistance  of  ropes  is, 

1st. — Proportional  to  the  tension  to  which  they  are  subjected. 

2d. — It  increases  with  the  thickness,  and  is  greatest  in  those  that 
have  been  strongly  twisted. 

3d. — It  is  inversely  proportional  to  the  diameter  of  Ihe  wheel  or 
cylinder  around  which  the  ropes  are  bent. 

143.  Resistances  of  flnids. — The  resistance  which  a  moving  body 
meets  in  air  and  water,  is  an  effect  of  the  transfer  of  motion  from  the 
solid  to  the  particles  of  the  fluid.  For  the  moving  body  must  constantly 
displace  a  part  of  the  fluid  equal  to  its  own  bulk,  and  the  motion  thus 
communicated  is  so  much  loss  of  the  motive  power.  When  other  cir- 
cumstances are  the  same,  the  denser  the  medium  the  greater  will  be 
the  resistance  which  it  offers.  Newton  demonstrated  that  if  a  spherical 
body  moves  in  a  medium  at  rest,  and  whose  density  is  the  same  as  iti^ 
own,  it  will  lose  half  of  its  motion  before  it  has  described  a  space  equal 
tr  twice  its  diameter.  The  resistance  encountered  by  a  body  moving 
in  water  is  800  times  greater  than  if  it  were  moving  with  the  same 
velocity  in  ur ;  for  water  being  800  times  more  dense  than  air,  the 
body  must  displace  and  communicate  its  own  motion  to  800  times  as 
mach  matter  in  the  same  time. 

1-2 
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The  resiBtance  also  depends  upon  the  extent  and  form  of  the  surface 
which  is  directly  opposed  to  the  resistance ;  i.  e,,  at  right  angles  to  the 
direction  of  the  motion.  A  body  with  a  pointed,  wedge>shaped,  or  ooTTed 
surface,  is  less  opposed  than  one  whose  surface  is  flat  and  broad. 

The  resistance  increases  as  the  square  of  the  velocity ;  for  if  the 
velocity  is  doubled,  the  loss  of  motion  must  be  quadrupled,  becauM 
there  is  twice  as  much  fluid  to  be  moved  in  the  same  time,  and  it  has 
also  to  be  moved  twice  as  fast.  Again,  let  the  velocity  be  trebled,  then 
the  body  will  meet  three  times  as  many  particles  of  the  fluid  in  the 
same  time,  and  communicate  three  times  the  velocity ;  thereforo  the 
resistance  is  3  X  3  =  9  =  3*. 

Bodies  having  the  same  figure  and  density  overcome  the  resistance 
of  fluids  more  easily  in  proportion  to  their  size.  In  cannon-balls,  for 
example,  the  extent  of  surface  to  which  the  resistance  is  proportional 
increases  as  the  square  of  the  diameter,  while  the  weight,  or  power  to 
overcome  resistance,  increases  as  the  cube  of  the  diameter.  If  twc 
balls  have  diameters  in  the  ratio  of  2 :  3,  the  resistances  which  they 
will  encounter  at  the  same  velocity  of  projection,  will  be  in  the  ratio 
of  4 :  9,  and  their  moving  force  in  the  ratio  of  8 :  27. 

144.  Actual  and  theoretioal  velocities. — In  consequence  of  these 
impediments  to  motion,  the  actual  movements  of  bodies  are  materially 
difierent  from  the  theoretical  motions  explained  in  previous  sections. 
The  motion  of  falling  bodies  is  very  far  from  being  uniformly  aooele- 
rated,  nor  do  all  bodies  fall  with  equal  rapidity,  as  theory  requires, 
and  as  was  seen  to  be  true  in  the  guinea  and  feather  experiment.  The 
resistance  of  the  air,  which  is  very  small  at  first,  rapidly  increases,  and 
after  a  certain  time  becomes  equal  to  the  force  of  gravity,  when  the 
body  will  no  longer  be  accelerated,  but  move  uniformly  through  the 
remainder  of  its  descent.  The  descent  of  bodies  on  inclined  planes 
and  curves  deviates  still  more  from  uniformly  accelerated  motion,  siuoe 
the  effect  of  friction  is  added  to  the  resistance  of  the  air. 

145.  Balliatic  curve. — A  still  greater  difference  is  observed  be- 
tween the  actual  and  theoretical  motions  of  pro-  91 
jectiles  (103).    Instead  of  describing  a  parabola, 
A  E  B,  fig.  91,  the  projectile  actually  describes 
the  curve  A  C  D,  called  the  ballistic  curve,  which 
never  attains  so  great  a  vertical  height,  or  so  long 
a   range   as   the    corresponding    parabola,   and 
which,  toward  the  end  of  its  course,  continually 
approaches  the   perpendicular,   E  F.     A  four- 
pound  shot,  which  fiies  6437  feet  in  the  air,  would  traverse  in  a  vacuum 
a  space  of  23.226  feet. 
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Ai  in  Um  ease  of  frieiton,  the  benefits  resalting  from  thui  st*te  of  thingf 
»rerp«j  the  dUadrantagee.  Fish  eoald  not  swim,  nor  birds  fly,  were  it  not  foi 
the  reeiitanees  of  the  media  they  inhabit  The  paddle-wheels  of  a  steamer 
would  not  move  it,  nor  its  mdder  guide  its  course,  if  thej  met  no  resistance  to 
their  morements.  And  we  ean  very  well  disf>ense  with  a  perfect  theory  of  pro- 
lectiles,  if  thereby  the  rain  is  prerented  from  descending  with  the  destructire 
▼•Socity  of  hail-stones. 


Problems. — Vis  Viva. 


47.  If  a  locomotire  and  train  move  20  miles  an  hour,  how  much  greater  force 
will  be  required  to  move  a  train  weighing  three  times  as  much  25  miles  an 
hoar? 

48.  If  a  loeomotire  weighing  30  tons  will  draw  a  train  weighing  90  tons  15 
■ties  an  hoar,  at  what  Telocity  will  it  draw  a  train  weighing  30  tons  ?  The 
w^ht  of  the  locomotire  is  to  be  added  to  the  train  in  both  cases. 

49.  What  will  be  the  relat're  destmctive  power  of  a  harricane  moring  60 
Miles  an  hoar,  and  another  moring  90  miles  an  hour  ? 

50.  If  a  pile-drirer  weighing  1500  lbs.  raised  20  feet  strikes  with  a  given  force 
to  orereome  resistance,  to  what  height  must  it  be  raised  to  gire  a  shock  two  and 
a  half  times  as  great  ? 

51.  What  is  the  comparatire  destructive  power  of  a  cannon-ball  weighing  64 
lbs.  flying  1000  feet  per  second,  and  another  ball  weighing  200  lbs.  flying  150A 
feet  per  second  ? 

The  Lever. 

53.  Two  weights,  3  and  4,  balance  on  the  extremities  of  a  lerer  4  feet  long ; 
find  the  falcmm. 

53.  Fonr  weights,  1,  3,  7,  5,  are  placed  at  equal  distances  on  a  straight  lerer. 
I>eiermine  the  position  of  the  fulcrum. 

54.  Two  men  carry  a  weight  of  2  cwt  hung  on  a  pole,  the  ends  of  which  rest 
on  their  shoulders;  what  part  of  the  load  is  borne  by  each  man,  the  weight 
hanging  6  inches  from  the  middle  of  the  pole,  the  whole  length  of  which  is  4 
feet? 

55.  A  bMun,  18  feet  long,  is  supported  at  both  ends ;  a  weight  of  18  cwt  is 
■ospended  at  3  feet  from  one  end,  and  a  weight  of  12  cwt.  at  8  feet  from  the 
other  end ;  required  the  pressure  at  each  point  of  support 

56.  A  uniform  beam,  40  feet  in  length,  the  weight  of  which  is  4  cwt,  is  sup- 
ported by  two  props,  A  and  B,  30  feet  apart ;  a  weight  of  24  cwt  is  then  sus- 
pended on  the  beam  at  the  distance  of  10  feet  from  B,  the  beam  projecting  8 
feet  orer  the  prop  A,  and  2  feet  over  that  at  B  ,*  required  the  pressure  on  9ach 
of  the  props. 

57.  On  a  lerer  3  feet  in  length  a  weight  of  500  lbs.  is  suspended  at  one  end, 
at  2}  inches  from  its  fulemm ;  what  weight  at  the  other  end  will  keep  the  lever 
in  equilibrium,  the  lerer  being  assumed  to  be  without  weight  ? 

Wlidel  and  Azle. 

58.  A  power  of  10  lbs.  on  a  wheel  the  diameter  of  which  is  10  feet  balances 
a  weight  of  300  lbs.  on  the  axle ;  what  is  the  diameter  of  the  axle,  the  thickness 
of  the  rope  on  the  wheel  being  one  inch,  and  that  of  the  rope  on  the  axle  two 
Inehes? 
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59.  A  wiigbt  of  2240  lbs.  is  suBtained  by  a  rope  of  2  inobes  in  diameter,  going 
round  aL  axle  4  inches  in  diameter ;  what  weight  must  be  suspended  at  the  cir« 
cumfurence  of  a  wheel — radius  6  feet — by  a  rope  of  the  same  thickness,  to  obtain 
equilibrium  ? 

60.  In  a  combination  of  wheels  and  axles  there  are  given  the  radii  of  the 
wheels,  20,  26,  and  48  inches,  and  the  radii  of  the  pinions  and  axle,  4,  5,  and  8 
inches.  If  a  power  of  1  owt.  be  applied  to  the  circumference  of  the  first  whuel, 
what  weight  will  it  be  able  to  sustain  at  the  circumference  of  the  axle,  or  laKt 
shaft  ? 

61.  The  number  of  teeth  in  each  of  three  successive  wheels  is  144,  and  the 
number  of  teeth  in  each  of  the  axles  or  pinions  is  6 ;  what  weight  will  this  ma- 
chine support  on  the  last  shaft  with  a  power  of  2  cwt.  on  the  first  wheel  ? 

The  Pulley. 

62.  In  a  system  of  pulleys,  such  as  is  shown  in  fig.  76,  the  number  of  mov- 
able pulleys  being  5;  required  the  weight,  the  power  being  500  lbs.,  and  tba 
weight  of  jbhe  movable  block  and  pulleys  being  30  lbs. 

63.  What  power  at  P,  fig.  77,  will  be  required  to  balance  a  weight,  W,  of  3 
tons,  the  number  and  arrangement  of  the  pulleys  being  as  shown  in  the  figure? 

Inolined  Plane. 

64.  What  power  acting  as  in  fig.  79,  will  balance  a  weight  of  300  lbs.  on  the 
inclined  plane,  the  length  of  the  plane  being  25  feet,  and  the  vertical  height 
five  feet  ? 

65.  On  an  inclined  plane,  whose  base  is  10  feet  and  height  3  feet,  what  power 
acting  parallel  to  the  base  will  balance  a  weight  of  2  tons  ? 

66.  What  power  is  required  to  draw  a  train  of  cars,  weighing  40  tons,  up  a 
railway  grade  rising  1  foot  in  every  100  feet? 

The  Screw. 

67.  What  weight  can  be  raised  by  means  of  a  screw  having  its  threads  one 
inch  af)art,  by  a  power  of  150  lbs.  acting  at  a  distance  of  6  feet  from  the  axis 
of  the  screw  ? 

68.  Supposing  one-third  of  the  power  is  lost  in  overcoming  the  friction  of 
the  screw,  what  power  will  be  required,  acting  3  feet  from  the  axis  of  the  screw, 
to  raise  3  tons,  the  threads  of  the  screw  being  2  inches  apart  ? 

60.  What  power  at  the  winch  D,  fig.  86,  is  required  to  raise  a  weight  of  2  tons 
at  Q,  if  the  radius  of  the  axle  is  6  inches,  the  radius  of  the  wheel  3  feet,  the 
distance  between  the  threads  of  the  screw  -j-i.  part  of  the  circumference  of  the 
wheel,  and  the  length  of  the  winch  D  B  =  2  feet  ? 

Resifitance. 

70.  If  a  mass  of  iron  weighing  5  tons  slides  upon  iron  rails,  wnat  force  is 
required  to  start  it,  and  how  much  to  keep  it  moving  afterwards  ? 

71.  If  a  steam  vessel  of  1000  tons  is  moved  through  the  water  at  10  miles  an 
hour,  by  an  engine  of  300  horse-power,  what  is  the  power  of  an  engine  required 
to  propel  another  vessel,  of  the  same  model,  of  2000  tons  at  the  same  speed  ? 

72.  If  a  ball,  6  inches  in  diameter,  is  discharged  from  a  cannon  at  the 
rate  of  one  mile  in  7  seconds,  how  much  greater  force  would  be  required  to 
throw  a  ball  of  double  the  weight  with  the  same  velocity,  taking  into  account 
the  resistance  of  the  air  and  the  dimensions  of  the  balls? 

73.  If  an  engine  of  500  horse-power  propels  a  vessel  of  1500  tons  12  miles  an 
hour,  at  what  velocity  will  an  engine  of  600  horse-power  propel  a  vessel  of  SOOt 
tons,  built  on  the  same  model  as  the  preceding  ? 
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146.  Cohesion  and  Repulsion. — The  three  states  of  matter  (15)-* 
the  solid,  liqaid,  and  gaseous— exist,  as  is  assumed,  in  virtue  of  cer- 
tain  forces  inherent  in  the  particles  of  matter,  and  called  molecular 
forou.  These  forces  are  either  attractive  or  repulsive,  drawing  the  par- 
ticles of  bodies  toward  each  other,  or  tending  to  separate  them.  In 
solids  the  attractive  force  greatly  overpowers  the  repulsive,  and  the 
particles  of  matter  become  therefore  relatively  fixed  at  certain  distances 
from  each  other — not  being  in  actual  contact,  but  having,  as  we  have 
seen  (23),  numerous  pores  between  them.  Heat  may  enlarge  and  cold 
diminish  theee  pores,  and  with  them  the  sensible  magnitude  of  the 
solid ;  bat  the  integral  particles  of  the  solid  cannot  be  separated  with- 
out the  exercise  of  some  exterior  and  greater  force.  When  the  par> 
tides  of  a  body  are  not  separated  too  far,  they  return  again,  upon 
the  withdrawal  of  the  constraining  force,  to  their  original  position 
(Elasticity)..  This  species  of  attraction  existing  between  particles  of 
the  same  kind  is  distinguished  by  the  term  cohesion,  and  when  existing 
lietween  particles  of  an  unlike  kind,  it  is  called  adhesion. 

Repulsion. — If  we  admit,  as  the  phenomena  of  porosity  demand 

1 23),  that  in  spite  of  cohesive  attraction,  the  particles  of  bodies  do  not 

actually  touch  each  other,  it  follows  that  there  must  exist  in  the  roole- 

culet  of  matter  a  second  and  counterbalancing  force  opposed  to  cohesion, 

12»  (109) 
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and — in  solids — in  oquilibrium  with  it.    This  force  is  called  repuUion, 
We  shall  presently  revert  to  the  evidence  of  its  action  on  matter. 

While  the  existence  of  these  two  molecular  forces  is  in  many  cases 
capable  of  direct  proof,  the  exact  mode  of  their  action  is  chiefly  conjec- 
tural. It  is,  however,  certain  that  the  attractive  forces  act  only  at  insen- 
sible distances.  In  this  respect  the  molecular  forces  are  to  be  distin- 
guished from  gravitation,  which  acts  at  all  distances.  Chemical  attraction 
is  also  distinguished  from  the  mechanical  forces  of  cohesion  and  adhesion, 
by  the  important  fact  that  its  exercise  is  invariably  attended  by  the 
loss  of  specific  identity  (7),  and,  of  course,  by  the  substitution  of  new 
qualities  in  the  compound  for  those  characteristic  of  its  constituents. 

Sinco  the  force  of  gravity  is  proportional  to  the  mass,  and  inversely  m 
the  distance,  if  cohesion  were  merely  the  attraction  of  gravitation  acting  at 
insensible  distances,  the  particles  of  a  body  situated  at  the  centre  of  gravity  of 
a  large  mass,  shoald  cohere  more  strongly  than  particles  at  a  distance  from  the 
centre  of  gravity,  or  than  the  same  particles  when  the  mass  is  reduced  to  frag- 
ments, bat  no  such  difference  has  been  observed,  we  must  therefore  conclude 
that  gravity  and  cohesive  attraction  are  essentially  different  forces. 

147.  Examples  of  cohesion  among  solids. — Cohesion,  when  once 
destroyed  by  mechanical  violence,  is  not  usually  brought  into  exercise 
again  by  mere  contact  of  the  separated  particles.  Thus  the  broken 
fragments  of  a  glass  vessel,  or  of  a  stone,  do  not  reunite  at  ordinary 
temperatures.  Two  hemispheres  of  tarnished  lead  will  not  adhere  by 
their  flat  surfaces  by  mere  pres-  92 

sure,  but  if  the  coating  of  oxyd  is 
first  removed  by  a  sharp  knife, 
and  the  two  clean  surfaces  are 
then  pressed  together,  with  a 
slight  wrenching  motion,  they 
will  cohere  strongly.  Arranged 
as  in  fig.  92,  two  surfaces  one 
inch  in  diameter  will  sustain  ten 
pounds  or  more.  This  is  only 
an  example  of  welding  at  com- 
mon temperatures,  a  process  suffi- 
ciently familiar  in  hot  iron.  Wax, 
dough,  India  rubber,  and  other 
similar  substances,  offer  examples 
of  a  like  nature,  provided  clean 
surfaces  be  pressed  together. 
Dust,  or  other  foreign  bodies, 
prevent  this  union.    Even  polished  glass  plates,  allowed  to  remain  loog 
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in  oontaet,  if  perfectly  clean,  and  under  pressure,  have  been  known  to 
cohere  bo  stronglj  as  to  separate  by  fracture  in  any  other  direction 
sooner  than  in  the  line  of  junction.  Boyle  demonstrated  that  this  fact 
is  not  accounted  for  by  attributing  the  action  to  atmospheric  pressure. 
He  suspended  a  pair  of  adhesion  plates  in  the  vacuum  of  an  air-pump, 
where,  in  the  absence  of  atmospheric  pressure,  it  required  still  a  con- 
siderable weight  to  detach  the  surfaces. 

Adhetion  is  disHnguished  from  cohesion  by  the  fact  that  while  the 
latter  occurs  between  particles  of  a  like  kind,  producing  homogeneous 
bodies,  the  former  takes  place  between  particles  of  unlike  kinds,  pro- 
ducing heterogeneous  bodies.  01  ue  binding  together  pieces  of  wood  is 
an  example  of  adhesion.  This  species  of  mechanical  attraction  is, 
however,  seen  in  its  most  important  relations  in  the  curious  phenomena 
of  capillarity,  to  be  discussed  hereafter. 

The  terms  cohesion  and  adhesion  are  often  used  interchangeably, 
and,  when  the  distinctions  here  pointed  out  are  borne  in  mind,  no  evil 
will  arise  from  this  use  of  terms. 

The  force  of  cohesion  among  the  particles  of  solids,  when  exerted 
under  favorable  conditions,  produces  the  regular  forms  of  crystals,  to 
which  we  shall  presently  revert. 

148.  Cohesion  in  liquids  and  between  liquid  gases  and 
solids. — ^The  force  of  cohesion  in  liquids  gives  the  spherical  form  to 
drope  of  rain  and  dew,  and  rounds  the  drop  of  water  suspended  from 
the  end  of  a  glass  rod.  If  two  drops  of  water  or  any  other  liquid 
approach  each  other  near  enough,  they  unite  to  form  a  larger  spherical 
drop.  A  soap-bubble  is  only  a  large  hollow  sphere  of  water,  whose 
outer  film  of  liquid  assumes  and  preserves  its  spherical  form  in  virtue 
of  cohesive  attraction  and  the  laws  of  liquid  equi-  _ 

librinm.  The  soap,  while  it  adds  to  the  viscous  con- 
dition of  Uie  water,  really  diminishes  its  cohesive 
force,  as  was  shown  by  Prof.  Henry.  The  force  of 
cohesion  in  water  may  be  directly  measured  by  sus- 
pending a  counterpoised  disk  of  glass  or  metal  from 
a  scale  pan,  fig.  92f  adjusted  to  allow  the  disk  just  to 
touch  the  surface  of  the  water.  The  weight  required 
in  ttie  opposite  pan,  to  separate  the  disk  from  the  water,  then  becomes 
the  measure  of  cohesion  among  the  particles  of  water  forming  the  outer 
circle  3f  contact. 

By  this  means  Qay  Lussac  found  that  a  disk  of  4*362  inches  in 
diameter  required  982  grains  to  separate  it  from  water,  while  from 
alcohol  (density  0*819)  and  spirits  of  turpentine,  478*83  and  525 
grains  respectively,  produced  separation ;  all  being  at  the  temperature 
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of  46°  Fahr.  The  thickness  and  material  of  the  disk  made  do  difference 
in  the  result,  showing  that  the  force  of  cohesion  was  the  only  force  to 
be  overcome,  and  that  this  force  was  exerted  at  a  distance  less  than  the 
thickness  of  the  film  of  liquid  necessary  to  moisten  the  surface  of  the 
disk.  It  is  also  evident  that  the  weights  obtained  do  not  represent  the 
whole  cohesive  force  in  each  case,  since,  from  the  circumstances  of  the 
trial,  it  can  be  only  the  outer  circle  of  particles  whose  cohesion  is  over- 
come, and  this  being  the  largest  circle,  each  succeeding  row  or  line 
of  particles  yields  readily  to  the  same  force. 

Between  liquids  and  solids  the  force  of  adhesion  is  modified  by  the 
phenomena  of  capillarity  and  surface  attraction. 

Between  gases  and  soHds  cohesion  is  seen  to  exist  when  we 
attempt  to  wet  the  polished  surface  of  a  steel  blade,  or  a  clean  surface 
of  glass,  with  water.  The  liquid  fails  to  wet  the  polished  surface  of  the 
metal,  &c.,  owing  to  the  film  of  air  adhering  to  it,  due  to  the  attraction 
of  the  solid  for  the  air.  If  the  blade  is  slightly  heated,  or  its  surface 
is  roughened  mechanically  or  by  acids,  this  film  of  air  is  removed,  and 
the  blade  is  then  wetted.     (See  Smee's  battery:  Electricity.) 

Gases  do  not  manifest  cohesion  among  themselves,  because  the  repul- 
sive force  overcomes  it,  but  numerous  examples  of  its  exercise  may  be 
quoted  besides  that  just  named.  The  bubbles  of  gas  escaping  from 
aerated  water  adhere  to  the  sides  of  a  glass  vessel  from  this  <»u8e. 
But  above  all  is  this  seen  in  the  power  of  recently  ignited  charcoal  to^b- 
sorb  and  retain  gases.  Owing  to  its  numerous  sensible  pores,  charcoal 
presents  a  very  large  surface  in  a  small  space.  The  more  compact  the 
wood  the  more  numerous  are  these  pores,  and  the  more  remarkable  the 
consequent  absorption  of  gas.  Diflerent  gases  are  also  very  differently 
absorbed  by  it,  depending  on  their  condensibility  and  solubility.  Thus, 
while  only  four  or  five  volumes  of  common  air  are  absorbed  by  charcoal, 
thirty  volumes  of  carbonic  acid,  and  eighty  or  ninety  volumes  of  am- 
monia  or  chlorohydric  acid  gas,  are  absorbed  by  charcoal  recently 
ignited.  This  curious  and  important  property  is  easily  illustrated  over 
the  mercurial  trough,  by  using  glass  cylinders,  filled  with  the  Tarious 
gases,  to  cover  bits  of  charcoal  placed  on  the  mercury — the  absorption 
commencing  at  once  and  advancing  gradually  for  some  hours. 

We  will  consider  the  action  of  molecular  forces,  Jirsi,  between  mols 
culcs  of  the  same  kind,  and,  second,  when  acting  between  molecules  of 
unlike  kinds,  to  which  are  referred  the  phenomena  of  capillarity. 
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CHAPTER  XL 

OF  SOLIDS. 
■OLICULAS   rORCSS   ACTiyO   BETVTEIBr   PARTICLES  07   IIKI   KIXD8. 

2  1.   Properties  of  Solids. 

149.  Tlie  characteristic  properties  of  solids,   now  to  be  con 
sidered,  are,  1.  Crystalline  Form  ;  2.  Elasticity ;  3.  Resistance  to  Frao- 
tare  (including  Strength  of  Materials) ;  4.  Hardness,  and  5.  Those 
properties  dependent  on  a  permanent  change  in  the  arrangement  of  the 
molecules — as  Ductility,  Malleability,  Temper,  &c. 

150.  Btractnre  of  solids. — In  solids  the  particles  of  matter  are 
held  in  fixed  relation  to  each  other  by  the  molecular  forces  (146).  The 
relative  disposition  of  the  molecules,  or  of  their  groups,  constitutes  what 
is  called  sirudure  in  solids.  This  structure  may  be  either  symmetrical 
or  regular^  as  in  living  beings  and  crystals,  or  amorphous^  as  in  most 
rocks  and  many  other  substances. 

There  exists  in  nature  a  plan,  which  cannot  be  mistaken,  to  combme 
matter  in  complete  and  symmetrical  wholes.  The  bodies  of  animals 
consist,  usually,  of  two  equal,  (or  nearly  equal),  and  similar  sets  of  limbs 
and  organs,  one  on  the  right  and  one  on  the  left  side.  The  organs  of 
most  flowering  plants  are  similarly  and  regularly  arranged  in  whorles  of 
{hret  members,  as  in  the  lily,  or  of  five,  as  in  the  rose,  or  in  some  other 
simple  numbers,  and  the  same  law  is  beautifully  exemplified  in  the 
arrangement  of  the  leaves  and  branches  of  all  plants  and  trees  (phyUo- 
iaxy).  In  the  animal  and  vegetable  world,  the  laws  which  direct  the 
aggregation  of  matter  are  those  of  Vitalitt,  and  it  is  observed  that 
most  of  the  forms  thus  produced  are  bounded  by  curved  lines  and 
surfaces. 

In  Uie  inorganic  or  lifeless  world  diflierent  laws  are  in  force,  and  in 
the  production  of  solids  the  atoms,  under  favorable  circumstances, 
arrange  themselves  in  forms  which  are  angular  and  bounded  by  plane 
surfaces.  The  geometrical  forms  thus  produced  are  analogous  to  the 
more  complicated  results  of  vitality  as  se^n  in  animal  and  vegetable  life. 
These  forms  are  called  crvstals,  and  the  laws  governing  the  aggrega- 
tion of  matter  into  such  forms,  are  called  the  laws  of  crystallization. 

When  solids  are  formed  in  a  manner  unfavorable  to  the  regular 
action  of  the  molecnlar  forces,  the  regular  forms  of  crystals  are  not 
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produced,  but  a  mass  which  has  perhaps  some  traces  of  crystalline 
structure  (as  iu  marble),  or  which  is  entirely  aiDorphous(152),  according 
as  the  act  of  solidi^cation  has  been  more  or  loss  disturbed.  Thus,  in 
granite  we  easily  detect  the  crystalline  structure  of  some  of  the  con* 
stituents  closely  aggregated,  while  in  slates  and  many  mechanical 
rocks  no  traces  of  crystalline  structure  can  be  seen. 

« 

2  2.  CrystaUography. 

151.  Conditions  of  crystallisation. — In  order  that  crystals  may 
form,  it  is  a  necessary  condition  that  the  molecules  of  the  body  to  be 
crystallized  should  have  freedom  of  motion  among  themseWos,  and 
ample  time  to  arrange  themselves  in  accordance  with  the  force  of  crys- 
tallogenic  attraction.  These  conditions  may  be  met  in  either  of  the 
following  methods :  1.  By  solution ;  2.  By  fusion ;  3.  By  sublimation 
or  evaporation  ;  or,  4.  By  electrical  or  chemical  decomposition. 

(a)  By  solution. — Many  solids  dissolve  in  water ;  thus  most  salts,  as 
common  salt,  Epsom  salts,  saltpetre,  borax,  alum,  &c.,  form  a  clear 
solution  in  water,  in  which  all  crystalline  attractions  are  subordinated, 
until  by  gradual  evaporation,  or  by  cooling  from  a  saturated  hot  solu- 
tion, the  several  salts  reappear,  each  in  its  own  appropriate  form. 
Sulphur  and  phosphorus  also,  dissolved  by  heat  in  bisulphid  of  carbon, 
crystallize  by  the  cooling  of  the  solution.  Some  substances  are  equally 
soluble  in  cold  or  in  hot  water,  and  crystals  are  obtained  from  their 
solutions  only  by  evaporation,  with  or  without  the  aid  of  heat. 

Common  salt  is  an  example  of  such  a  substance;  when  93 

evaporated  very  gently,  as  bj  solar  heat,  perfect  cubes 
are  formed ;  if  rapidly,  as  by  fire,  a  confused  mass  of 
irregular  crystalline  grains  result.  Sometimes  the  float- 
ing crystals,  as  they  grow  in  weight  continually,  but 
slowly,  sink,  giving  rise  to  the  curious  hopper-shaped 
forms  seen  in  fig.  93. 

Alumina  dissolves  in  melted  boracic  acid,  and  the  solution,  exposed 
for  a  time  to  the  highest  heat  of  a  porcelain  furnace,  loses  the  boracio 
acid  slowly  by  evaporation,  and  the  alumina  crystallizes  as  rubies  or 
sapphires.  Many  other  gems  have  thus  been  obtained,  of  microscopic 
size,  by  M.  Ebleman,  by  solution  in  boracio  or  phosphoric  acids,  or 
their  salts,  at  a  high  heat. 

(b)  By  fusion. — By  melting  sulphur,  bismuth,  and  many  other  sub- 
stances, in  crucibles,  and  allowing  them  to  cool  very  slowly ;  when  a 
crust  has  formed  on  the  surface  it  is  pierced,  and  the  contents  remain- 
ing fluid  are  turned  out,  the  interior  cavity  is  found  lined  with  crystals 
of  the  substance  experimented  on. 

(c)  By  sublimaiian* — By  he$it  many  sqbstances  rise  in  Y^por,  ^4  op 


CRTSTALLOQBAPHT. 


115 


oooiing  agaiD,  in  a  proper  receptacle,  assume  their  appmpnate  crystal- 
line forms — camphor,  salphar,  arsenioas  acid,  iodine,  arsenic,  sal-am- 
moniac, &c.,  can  be  thas  crystallized. 

{d)  By  dedrieal  or  chemical  decomposition. — By  adding  to  a  solution 
of  some  substances  some  other  dissolved  body,  which  causes  the  firdt 
to  become  insoluble,  a  crystalline  powder  often  falls  (this  is  true  in 
most  cases  of  preeipit€Uion),  due  to  the  formation  of  a  new  compoui.i, 
of  a  less  solubility  than  either  of  the  substances  employed.  The  crystals 
of  metals,  e.  g.  of  copper,  gold,  silver,  Ac.,  are  easily  formed  by  the 
processes  of  electro-metallurgy. 

152.  Amorpliinn. — Amorphism  is  that  state  of  a  solid  in  which 
there  is  no  trace  of  a  crystalline  structure ;  examples  of  such  a  state 
are  seen  in  common  glass,  gun-flint,  wax,  obsidian,  sugar-candy,  Ac. 
An  amorphous  body,  having  no  planes  of  cleavage,  is  broken  in  one 
direction  as  easily  as  in  another.  Bodies  are  generally  more  soluble, 
less  hard  and  dense,  in  the  amorphous  than  in  the  crystalline  state. 

An  amorphous  body  may  be  produced  in  a  number  of  ways ;  for 
example,  by  fusion,  as  in  the  case  of  glass ;  by  evaporation  of  solu- 
tions, as  those  of  the  gums  and  glue  in  water ;  and  by  precipitation 
from  their  solutions,  as  is  the  case  with  alumina  and  phosphate  of  lime. 

The  property  of  toaghaess,  seen,  as  for  example,  in  emery  (amorphons  comn- 
dam),  and  horn-stone  (amorphoos  qaartz),  is  maeh  more  highly  developed  in 
the  amorphoos  than  in  the  crystalline  varieties  of  these  minerals. 
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153.  Crystalline  forms.  Definitions. — The  crystalline  forms 
assumed  by  the  same  substance  are,  with  certain  limitations,  always 
the  same ;  depending  on  the  nature  of  the  substance,  and  are  therefore 
giiaUial  forms.  The  study  of  these  forms  and  the  laws  of  crystallogeny, 
reveal  to  us  all  that  we  know  of  the  ultimate  forms  of  matter. 

A  crystal  is  a  polyhedron,  and  the  terms  of  solid  geometry  are  used 
in  crystallography  without  change. 

94  ReplacemetU. — An   edge  or  angle  is 

replaced  when  cut  off  by  one  or  more 
t    y^  \  secondary  planes.    Fig.  94,  1 1. 

Tnincaiion. — An  edge  or  angle  is 
truncated  when  the  replacing  plane  is 
equally  inclined  to  the  adjacent  faces. 
Fig.  94. 

Beodmeni, — An  edge  is  beveled  when  replaced  by  two  planes  which 
are  respectively  inclined  at  equal  angles  to  the  adjacent  faces  1 2  1 2,  fig. 
94%  Truncation  and  bevelment  can  only  occur  on  ed^es  formed  by  th^ 
meeting  of  ecfiial  planes, 
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Tht  axes  of  a  eryattd  are  imaginary  lines  poMiDg  through  its  centre, 
and  about  which  two  or  more  faces  are  symmetrical!;  arranged.  The; 
connect  either  the  centres  of  oppotite  faceit,  fig.  95,  or  edges,  fig.  96,  or 
the  apices  of  opposite  aolid  angles,  flg.  9T,  or  of  both  edges  and  angles, 
fig.  98. 


Three  aies  are  employed  for  the  different  systems  in  eryslallography 
(excepting  the  siitfa,  fig.  1 14],  whose  length  may  be  eqaal,  or  ooly  two 
sJike,  or  all  unequal ;  they  may  also  be  at  right  angles  to  each  other,  or 
oblique. 

A  prism  is  a  column  having  any  number  of  sides.  In  orystal- 
lography  we  have  four  and  six-sided  prisms,  which  may  he  eiUier  right 
prisms,  that  is,  erect ;  or  oblique  prisms,  that  is,  inclined. 

Four^ided  prisms  occur  of  a  number  of  kinds ;  their  bases  may  be 
either  square,  rectangular,  rhombic,  or  rhomboidal.  If  the  base  is' ft 
square,  or  a  rectangle,  and  the  prism  erect,  tht  eiglU  lolid  angla  are 
eqaal  and  rectangular;  the  edges  are  twelve,  and  ma;  vary ;  for 
example, 

A  cube  is  bounded  by  sis  equal  sides  (the  lal«rBl  sides  being  eqnnl 
to  the  bases),  and  the  twelve  edges  are  all  equal,  fig.  05. 


ii 

n 
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A  right  tquare  pritm,  fig.  99,  bos  a  sqnare  base  and  a  height  which 
may  be  either  greater  or  less  than  its  breadth  ;  its  sides  are  equal 
rectangles,  the  eight  banal  edges  (four  at  each  base)  are  eqnal  to  each 
other,  but  differ  from  the  fnur  lateral  edges. 

A  right  rectangular  prism,  fig.  IDO,  has  a  rectangnlar  base,  and  side* 
also  rectangular,  the  opposites  only  eqnal ;  two  edges  at  each  baw  dif' 
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also  differaot;  benoe 


tm  from  th«  other  two,  while  the  Uteral  edge* 
there  mn  three  aete  of  edges,  four  in  each  set. 

The  bue  maj  also  be  a  rhomb  or  rhomboid. 

A  right  rhombie  pritm,  fig.  101,  has  a  varjiog  height  Kod  a  rhomUe 
b«M.  Il«  plane  angles  are  two  obtuse  and  two  acute,  with  correepood- 
ing  solid  angles  and  lateral  edges ;  the  fonr  lateral  fiuea  are  reolanglee, 
and,  like  the  basal  edges,  are  equal. 


An  obUqut  rhombic  prism,  figs.  102,  103  (fig.  102  a  front  Tiew,  and 
flg.  103  a  side  riew) ;  has  a  rhombic  base  and  a  varying  height,  the 
lateral  face*  are  rhomboids.  The  lateral  edges,  like  the  basal  edges, 
have  two  acute  and  two  obtuse  angles.  When  the  height  is  equal  to 
the  breadth  the  form  is : — 

A  rkombohedron,  fig.  98,  composed  of  sii  equal  rhombio  faces. 

A  right  rhomboidtil  pritm  han  a.  rhomboidnl  bane  and  a  varying 
height,  only  the  two  opposite  sides  and  angles  are  equal,  the  lateral 
reclanguUr  faces  correspond  to  the  basal  edges ;  the  oppositea  only  are 
equal.     This  form  is  similar  to  fig.  101. 

An  oblique  rhomboidal  pritm,  fig.  104,  has  a  rhomboidal  base  and  a 
Tarjing  height.  The  lateral  faces  are  rhomboids.  The  edges  of  each 
base  are  of  four  kinds ;  for  two  opposite  are  longer  than  the  other  two, 
and  of  each  pair,  one  is  obtuse  and  the  other  acute.  In  this*  solid, 
therefore,  only  diagonally  opposite  edges  are  limilar,  and  only  oppoaila 
■olid  angles  are  equal. 


m,  fig.  105,  is  an  erect  six-sided  prism. 
An  octahedron  has  eight  triangular  faces ;  its  form  is  like  two  fonr 
wded  pyramid*  nnited  base  to  base.     Three  octahedrons  are  described 
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The  regular  octahedron,  fig.  106,  has  a  square  base  and  eight  faoee, 
equilateral  triangles ;  its  solid  angles  are  six,  and  equal,  as  also  are  ita 
twelve  edges.  The  plane  angles  are  60°,  the  interfaoial  angles  are 
109°  28'^  16''^ ;  this  solid  is  symmetrical,  like  the  cube. 

The  right  square  ocicLhedron,  fig.  107,  has  a  square  base,  but  a  verii- 
cHl  height,  greater  or  less  than  in  the  regular  octahedron.  Its  facet 
are  equal  isosceles  triangles.  Its  basal  edges  are  equal  and  similar, 
but  thej  differ  in  length  from  the  eight  equal  pyramidal  edges.  The 
vertical  solid  angles  dificr  from  the  basal 

The  right  rhombic  octaTiedron,  fig.  108,  has  a  rhombic  base  and  a 
varying  height;  its  faces  are  equal  triangles;  the  basal  edges  are 
equal ;  the  plane  angles  of  the  base  and  the  pyramidal  edges  are  of 
two  kinds,  two  obtuse  and  two  acute. 
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The  rhombic  dodecahedrorit  fig.  109,  is  bounded  by  twelve  equal 
rhombs ;  it  has  twenty- four  similar  edges,  and  fourteen  solid  angles ; 
they  are  of  two  kinds :  Eight  obtuse,  formed  by  the  meeting  of  three 
obtuse  plane  angles,  and  six  acute,  formed  by  the  meeting  of  four  acute 
plane  angles. 

154.  BysteniB  of  crystals. — There  are  six  systems  of  axes,  pro* 
ducing  the  same  number  of  systems  of  crystalline  forms,  by  the  sym- 
metrical arrangement  of  planes  about  these  axes.  They  are  called  the 
monometric,  dimetric,  trimetric,  monoclinic,  triclinic,  and  hexagonal 
systems. 

(a)  The  monometric  system  (from  monos,  one,  and  metron,  measure), 
includes  the  cube,  fig.  95,  the  regular  octahedron,  fig.  106,  and  rhombic 
dodecahedron,  fig.  109.     Each  of  these  forms  is  perfectly  symmetrical, 


Note. — In  studying  ibis  subject,  the  pupil  will  find  it  of  the  greatest  assist- 
anoe  to  his  easy  comprehension  of  the  forms  mentioned,  to  pfoduce  them  with 
B  knife,  from  some  soft  substance  like  a  turnip  or  a  potato,  which  are  men 
easily  managed  than  chalk  or  wood,  and  neater  than  clay.  Sots  of  crystalline 
forms  and  cards,  with  the  outlines  of  the  various  forms  prepared  for  cutting 
up,  are  furnished  cheaply  by  the  Qcrman  chemical  dealers,  for  the  um  of 
schools. 
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being  equal  in  height,  length,  and  breadth.  Their  axes  are  three  in 
number,  of  equal  length,  and  at  right  angles  to  each  other.  In  the 
cube,  the  axes  connect  the  centres  of  opposite  faces,  in  the  octahedron, 
the  apices  of  opposite  solid  angles,  and  in  the  dodecahedron,  the  apicef 
of  opposite  acute  solid  angles.  The  relation  of  the  axes  in  these  solids 
tc  each  other,  may  be  understood  by  deriving  one  form  from  the  other. 
If  in  the  cube  (its  faces  are  indicated  by  o)  we  truncate  each  of  its 
eight  solid  angles,  fig.  110  is  first  produced,  and  as  the  truncation  pro- 
ceeds, fig.  Ill,  and  finally  a  perfect  octahedron.  It  will  be  noticed  that 
the  centres  of  o,  the  ends  of  the  axes  in  the  cube,  correspond  to  the 
apices  of  the  solid  angles  in  the  octahedron,  which  are  also  the  ends 
>f  axes. 
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(6)  The  dimetric  system  (from  dis,  two-fold,  and  mebron,  measnre), 
includes  the  square  prism,  fig.  99,  and  square  octa-  112 

hedron,  fig.  107,  bearing  the  same  relation  to  each  other 
as  the  cube  does  to  the  regular  octahedron.  In  this 
system  there  are  three  axes,  all  at  right  angles  to  each 
other,  but  only  the  two  lateral  are  equal,  the  third,  or 
Tertical  axis,  being  of  varying  length.  In  the  prism, 
the  axes  connect  the  centres  of  opposite  faces,  in  the 
octahedron  the  apices  of  opposite  solid  angles.  If  a  square  prisio 
has  each  of  its  solid  angles  truncated,  we  shall  have  first,  fig.  112,  and, 
finally,  the  square  octahedron  is  produced. 

(e)  The  trimeiric  system  (from  iris,  three-fold,  and  metron,  measure), 
includes  the  rectangular  prism,  fig.  100,  the  rhombic  prism,  fig.  101, 
and  the  rhombic  octahedron,  fig.  108.  Each  of  these  forms  has  its 
three  axes  at  right  angles  to  each  other,  and  all  are  unequal  in  length. 
In  a  rectangular  prism  (the  base  a  rectangle),  the  axes  connect  the 
centres  of  opposite  faces.  In  the  rhombic  prism  (base  a  rhomb),  the 
vertical  axis  connects  the  centres  of  the  bases,  the  two  lateral  axes  con- 
nect the  centres  of  opposite  edges.  In  the  rhombic  octahedron  (base 
a  rhomb)  the  axes  connect  the  apices  of  opposite  solid  angles. 

{d)  The  monoclinie  system  (from  monos,  one,  and  klino,  to  incline), 
includes  the  right  rhomboidal  prism,  fig.  101,  and  the  oblique  rhombic 
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prisDi,  fig.  102.     In  this  system   the  three  axes  are  aneqaul,  the  tw« 

lateral  axes  aro  at  right  nnj^lee  with  one  another,  the  vertioal  Ib  indinnl 

to  ODB  of  the   lateral  axes  and  at  right  angles  with  ng 

the  other.     In  the  right  rliomboidal  priem  the  s: 

connect  the  centres  uf  opposite  faces.    In  the  uMique   , 

rlinmbic  prism  the  vertical  axis  connects  the  centres  p 

of  the  Itones,  and  the  two  lateral  itiet,  th 

opposite  lateral  edges.     The  truncation  of  the  lateral  | 

edges  of  one  prism  Gnallj  produces  the  other. 

relation  of  these  prisms  to  each  other  is  seen  in  Gg.  103. 

(e)  The  tridinic  KyaUm  (from  tria,  three,  and  Idino,  to  incline) 
includes  the  oblique  rhoiuboidal  prism,  fig.  104.  All  the  axes  are  un 
equal  and  oblique,  the  vertical  axis  connects  the  centres  of  (he  bases 
the  lateral  axes  connect  the  centres  of  the  lateral  edges. 

{/)   Thx  hexagonal  tyalem  includes  the  heiagoool  IH 

prism,  fig.  105,  and  rliombuhfdroD,  fig.  114.     In  the 
hexagonal  prism,  fig.  105,  the  vertical  i 
the  centres  of  the  bases,  the  three  lateral  axes 
the  centres  of  opposite  lateral  faces  or  edges,  and 
each  other  at  on  angle  of  60°,  at  right  angles  to  the 


>K  from  abuTe,  tt 
from  tfa«  verlini 
edges  intenoctiDg 
:  ao  SDEle  of  tW°. 
1  l»tM«J  edicer,  n- 


•olid  i*  called  an  acuU  rtaombubedioD. 

155.  ModlSed  fornia. — If  bodies  in  crystallizing  assumed  unlj  th* 
ruiidutucntHi  forms,  there  would  be  but  couiparatiTely  little  variel; 
and  beauty  in  cryKialline  solid?  ;  it  in  to  the  mudificnIioQ  of  the  funda- 
mental forms   that  we  owe  thaC  endless  varietj  of  crjatalUne  fi|[ur«a 
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which  we  obierre  in  natara,  and  that  are  produced  in  the  laboratory. 
These  modified  forma  are  called  secondarj  or  derivative  fomii,  and  art 
prodnced  bj  th«  replacing  of  the  edges  and  angles  of  the  fundamental 
fbrma  by  planes,  which  are  called  seooDdar;  planes.  Tbe  modifica- 
ticnu  of  crystals  take  place  according  to  two  simple  laws. 

Ist.  AU  tht  timilar  parU  of  a  erfttal  may  be  nmvUanemuly  and  *tm»- 
larty  modified.  The  forms  thus  resulting  are  called  holohtdral  forms 
(from  holot,  whole,  and  edra,  face). 

2d.  BidfAt  timilar  part*  of  a  cryttai  may  be  nmultaneoutly  and 
rimilarly  atodified.  The  forms  thus  resulting  are  called  heniilttdrat 
forms  (from  Acntita,  half,  and  afro,  face). 

[It  is  bajimd  Itas  duigo  of  tbii  aldntntarr  work  lo  enter  into  mora  dalsil 
voncaming  tfaa  diffarent  ijitcma  of  crfstmJlogr&ph;,  uid  of  loodiflad  forms, 
For  fhnhar  inrorButiDn  tha  itadaiil  ia  Tafarred  to  ■>>□■'■  Mioenlog;,  from 
vfaieh,  bj  permiaiioD,  this  obftpWr  hM  bmn  eondanud.] 

156.  Compoond  orTStala. — Sometitnes  we  find  two  or  more  crystals 
united  regularly  and  symmetrically  together.  The  form,  if  composed 
of  two  individaaU,  is  called  a  twin  crystal.   Fig.  116  is  a  simple  crystal 


of  gjpeam ;  if  it  be  bisected  along  tbe  imBginarj  line  a  b,  and  tbe 
right  half  be  inverted  and  applied  to  the  other  half,  it  will  form  fig. 
117.    If  an  octahedron,  b«  fig.  118,  be  bisected  throagh  the  dotted  line, 


# 


ind   the  upper  half  revolved  half  way  around  be  then  u 
m  Bg.  119.    Both  flgs.  117  and  119  are  twi 
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The  imaginary  axis,  on  which  the  revolution  of  half  the  crystal  m 
made,  is  termed  the  axis  of  revolution  and  the  imaginary  section,  the 
plane  of  revolution.  Compound  crystals,  composed  of  more  than  two 
individuals,  are  frequently  observed,  as  in  the  case  of  the  snow-flake,  a 
not  unusual  form  of  which  is  represented  by  fig.  120,  composed  of  nz 
crystals  meeting  at  a  point,  or  of  three  crossing  each  other  at  an  angle 
of  60®.    Fig.  121  represents  a  compound  crystal  of  chrysoberyl. 

157.  Cleavage. — By  the  application  of  mechanical  force  to  crystals 
we  observe  that  they  often  split  in  certain  directions,  eaving  even  and 
polished  surfaces.  The  production  of  such  surfaces,  in  causing  the 
separation  of  the  particles  of  the  crystals,  is  called  their  cleavage ;  the 
planes  along  which  the  separation  takes  place  are  called  cleavage  joinU. 
Cleavage  is  often  obtained  with  great  ease,  as,  for  example,  with  mica, 
which  may  be  separated  by  means  of  the  fingers  into  thin  leaves. 
Galena,  also,  cleaves  easily,  and  as  the  three  cleavage  planes  are  at 
right  angles  to  each  other,  a  cube  results.  Calc  spar  splits  in  three 
oblique  directions,  and  thus  a  rhombohedron  is  obtained ;  while  in  floor 
spar  a  cleavage  of  its  solid  angles  produces  an  octahedron.  The  cleav- 
age of  many  crystals  is  obtained  with  great  difficulty,  as,  for  example, 
in  quartz  and  tourmaline;  in  others  no  cleavage  can  be  produced, 
owing  to  the  strong  cohesion  among  the  laminse.  In  some  crystals  bat 
one  cleavage  is  visible,  as  with  mica ;  several  have  two ;  others  three, 
as  galena  and  calc  spar ;  fluor  spar  has  four,  blende  has  six,  while 
others  have  even  more.  We  obtain,  by  the  cleavage  of  a  crystal,  some 
one  of  the  thirteen  fundamental  forms.  Varieties  of  the  same  mineral 
have  the  same  cleavage.  Cleavage  occurs  parallel  to  the  faces  of  the 
fundamental  form,  or  along  the  diagonals ;  the  facility  of  cleavage  and 
lustre  of  the  surfaces  is  always  the  same,  parallel  to  similar  faces. 

158.  Determination  of  crystalline  forma. — In  order  to  determine 
a  crystal,  it  is  essential  to  refer  it  to  the  system  to  which  it  belongs, 
and  to  determine  the  simple  forms  of  which  it  consists,  with  the  rela- 
tive lengths  and  inclination  of  the  axis. 

2  3.  Elasticity. 

159.  Elasticity  of  solids. — Elasticity,  already  mentioned  as  one 
of  the  properties  of  matter,  has  a  peculiar  importance  in  solids,  because 
it  is  itself  a  moving  force,  and  serves  to  measure  the  intensity  of 
other  forces.  All  bodies  offer  a  resistance  to  compression  and  ex- 
tension,  which  is  due  to  elasticity.  It  is  shown  in  the  effort  of  a  oom« 
pressed  spring,  or  a  bent  bow,  to  recover  from  its  forced  state  of 
flexion. 

TenMion^  jlexure,  and  iornan  are  also  at  once  evidenoe  and  measures 
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of  the  force  of  elasticity  in  solids ;  while  in  flaids  eompreuion  ii  the  only 
CTidenoe  of  its  presence,  and  hence  compressibility  alone  is  a  general 
property  of  matter. 

Every,  body  has  a  limii  of  ekuticUy  beyond  which  it  cannot  be  car- 
ried without  a  permanent  derangement  of  its  particles,  or  fracture.  A 
perfectly  elastic  body  is  one  which  returns  completely  to  its  original 
form  when  pressure  is  removed ;  and  every  body  does  this,  each  within 
its  own  limit  of  elasticity.  Hence  every  body  may,  in  a  restricted  sense, 
be  said  to  be  perfectly  elastic.  The  return  of  an  elastic  body  to  its 
primitive  position  is  usually  made  with  several  oscillations,  called  oscU- 
laiions  ofelasiicUy.  This  is  familiarly  seen  in  the  recoil  of  a  bent  blade 
or  spring  of  steeL 

It  IB  evident  that  in  bending  the  steel  its  molecules  are  deranged  from  their 
position  of  eqnilibrinm  by  compression  on  one  side  and  extension  on  the  other, 
and  that  it  is  the  force  with  which  they  tend  to  replace  themselves  which  pro- 
daces  the  elasticity  of  the  blade. 

There  is  a  similar,  although  less  perceptible,  change  of  figure  in  an  ivory  ball, 
which,  dropped  npon  a  hard  surface,  will  rebound  nearly  to  the  height  from 
which  it  fell.  It  does  not  immediately  recover  its  spherical  shape,  but  is  for 
several  times,  alternately,  an  oblate  and  prolate  spheroid. 

160.  Elastioity  of  tension  and  compression. — By  tension  is  to 
be  understood  the  action  of  a  force  exerted  in  the  direction  of  the  length, 
of  a  wire,  for  example.  The  laws  of  elasticity  of  tension  have  been  ex- 
perimentally deduced,  by  suspending  weights  from  the  lower  end  of  a 
rod  or  wire,  sustained  at  top  by  a  firm  support.  The  elongation  occa- 
sioned by  each  addition  of  weight  is  measured  by  a  telescope  mounted 
on  a  graduated  bar,  parallel  to  the  wire  (the  apparatus  is  called  a 
ealheiamder).  If  the  limit  of  elasticity  is  not  passed,  the  rod  or  wire 
returns  to  its  original  length  on  removing  the  weights ;  but  if  the  strain 
is  continued  too  long,  or  too  great  a  tension  is  brought  to  bear,  a  per- 
manent change  of  length  results.  When  the  limits  of  elasticity  are  not 
paiMsed,  the  following  laws  are  developed  by  this  mode  of  experiment. 

1.  For  the  tame  substance  ike  dongation  caused  by  each  unit  of  tension 
is  the  same,  whatever  may  have  been  the  original  tension.  Thus,  with  a 
wire  loaded  with  ten  or  twenty  pounds,  the  elongation  for  each  succes- 
sive pound  is  the  same  as  for  the  first  pound. 

2.  The  eUmgaiion  is  proportional  to  the  tension  employed.  This  follows 
from  the  first  law,  and  signifies  that  if  the  rod  or  wire  is  elongated  one 
unit  by  one  pound,  it  will  be  elongated  ten  units  by  ten  pounds,  &c. 

3.  The  elongation  with  a  given  tension  is  proportional  to  the  length  of 
the  rod.  That  is  to  say,  if  a  rod  of  a  givei^  length  is  elongated  a  unit 
of  length  by  a  given  tension,  a  rod  two  units  long  is  elongated  twice  as 
much  by  the  same  tension. 
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4.  The  elongation  is  inversely  pi^poriional  to  the  area  of  the  section  of 
the  rod.  That  is,  if  of  two  rods  of  the  same  substance,  of  equal  length, 
and  subject  to  the  same  tension,  one  has  twice  the  area  of  the  other,  it 
will  be  elongated  onlj  half  as  much.  » 

Experiment  has  shown  that  in  the  case  of  the  compression  of  a  metallic 
bar,  or  rod,  in  the  direction  of  its  length,  bj  an  endwise  force,  the  bar 
is  shortened  just  as  much  as  it  would  be  lengthened  if  the  same  furco 
had  been  used  to  stretch  it.  Hence  the  laws  for  the  elasticity  of  com- 
pression are  quite  the  same  with  those  for  tension. 

These  laws  maj  be  demonstrated  mathematically  as  well  as  experi- 
mentally, but  it  is  not  requisite  here  that  we  should  do  more  than 
enunciate  and  illustrate  them. 

161.  Coefficient  of  elaaticity. — From  the  laws  of  elasticity,  of 
tension,  and  compression,  just  enunciated,  it  follows  that  the  elongation 
(I)  of  a  given  rod  is  proportional  to  a  constant  quantity,  C,  depending 
on  the  nature  of  the  substance ;  secondly,  to  the  weight,  W,  by  which 
it  is  stretched;  thirdly,  to  its  length,  L;  and,  fourthly,  that  it  ia 
inversely  proportional  to  the  area  of  its  section,  S:  i,  e, 

l=C,  W.L,-^; 


hence, 


l=C-irf    OT     0= 


S  *  ^'~  LW 


Putting  iT-    -77  in  these  equations,  they  become 

\     WL         j^      LW 

If  in  the  last  equation  we  make  1=^  L,  and  £^  =  1,  it  becomes  K^=  W, 

The  quantity  K  is  called  the  coefficient  of  elasticity.  In  other  words, 
the  coefficient  of  elasticity,  in  any  homogeneous  substance,  is  equal  to 
the  weight  required  to  double  the  length  of  a  bar  of  that  substance 
having  a  given  area,  assuming  such  an  elongation  physically  possible, 
which  it  is  not,  unless  in  the  case  of  caoutchouc. 

We  are  indebted  to  Wertheim  for  most  of  our  experimental  knowledge 
of  this  subject.  The  following  table  shows  the  mean  coefficient  of  elas- 
ticity of  a  number  of  metals,  as  deduced  by  him,  with  various  weights, 
at  different  temperatures,  from  1^  to  392°  Fahrenheit. 
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f 

Mktala  • 

T«lM  of  X  At  th«  t0mp«ratar«  ef- 

1Q_14P  F. 

fi«oF. 

isa-w>F. 

nsoF. 

IW9F. 

Oold  hammered. 

9,351 

8,603 

**    annealed. 

5,585 

5,408 

6,482 

Silrer  haoimeied. 

7,800 

7,411 

^      annealed. 

7,140 

7,274 

6,374 

Palladinm  hammered, 

10,669 

10,280 

Platinum  hammered. 

16,224 

15,647 

**         annealed. 

15,518 

14,178 

12,964 

Co|>per  hammered. 

13,052 

12,200 

"        annealed. 

10,519 

9,827 

7,862 

Iron-wire  (ordinary). 

17,743 

18,613 

19,905 

"        annealed. 

20,794 

21,877 

17,700 

Steel-wire  annealed  bine. 

17,600 

18,045 

18,977 

English  ffteel-wire  annealed, 

17,278 

21,292 

19,278 

Cast-steel  annealed, 

19,561 

19,014 

17,926 

^  Berlin-brass  hammered. 

9,782 

9,005 

Ao  inspection  of  this  table  shows  that  the  coefficients  of  elasticity  of 
the  metals,  generally  diminish  as  the  temperature  rises  from  1°  to 
392°  F.  But  for  iron  and  steel,  the  coefficients  augment  up  to  212°  F., 
and  then  diminish,  until  at  392°  F.,  they  have  the  same  tenacity  as  at 
common  temperatures. 

Wertheim  has  also  determined  by  experiment  that  the  coefficient  of 
elasticity  in  the  metals  is  increased  by  all  means  which  produce  an 
increase  of  density,  and  decreased  by  the  contrary  means.  He  found, 
also,  that  the  passage  of  an  electric  current  in  a  conductor  momentarily 
diminishes  this  coefficient,  independent  of  the  alteration  of  temperature 
produced  by  the  electricity.  In  alloys  the  coefficient  is  nearly  the 
mean  of  the  coefficients  of  the  sereral  metals  compounded,  even  when 
there  is  a  difference  of  bulk  between  the  mass  of  the  alloy  and  the  sum 
of  its  ingredients. 

162.  Elaatioity  of  flexnrar.— Let  A  B,  fig.  122,  be  a  rectangular 
beam,  fixed  horizontally  by  one  of  its  ends.  If  the  free  end  of  such  a 
beam  is  acted  on  by  any  force  tending  to  bend  it  in  the  direction  B  IK, 
the  bar  will,  in  yirtue  of  its  elasticity,  return  again  to  its  horizontal 
position  wher  the  flexing  force  ceases  to  act,  after  performing  a  certain 
Dumber  of  oscillations. 

The  elasticity  of  flexure  is  due  chiefly  to  the  united  effect  of  the 


*  The  rods  employed  in  these  experiments  had  each  a  section  of  one  sqnare 
millimetre,  and  the  yalues  of  K  are  the  weights,  in  kilogrammes,  that  would  be 
reqoired  to  stretch  the  rods  to  doable  their  original  length.  These  ralnes,  in 
general,  greatly  exeeed  the  limit  of  elasticity. 
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elasticity  of  tension  and  compresBion.  For  the  molecules  on  the  upper 
side  of  the  curve  are  extended,  while  those  on  its  under  side  are  com- 
pressed, and  the  united  effort  of 
these  two  forces — which  are  equal — 
is  ta  restore  the  beam  to  its  first 
position.  The  conversion  of  a 
straight  line  into  a  curve,  as  in  this 
case,  is  also  accompanied  by  a  dis- 
turbance in  the  equilibrium  of  the  molecules,  independent  of  the 
change  due  to  their  separation  and  compression ;  and  such  a  change 
develops  elasticity. 

The  laws  of  elasticity  of  flexure  are  comprised  in  tbe  following  fonnnls : 


(1.)  o  =  - 


ir/» 


Dhd^ 


or  W=z 


Dahd^ 


In  which  a  is  the  arc  B  B'y  described  by  the  flexure  ;  TT,  is  the  flexing  weight 
acting  in  a  perpendicular;  6,  the  horizontal  breadth  of  the  bar ;  d,  its  thickneas ; 
I,  the  length  of  the  bar,  and  D,  a  constant  quantity,  depending  on  the  nature  of 
the  substance  used.  If  in  the  above  we  make  each  of  the  qnantiUes  »,  6,  d,  and 
If  equal  unity,  it  follows  that  />  ==  YT,  or  Z>,  is  a  weight  which  will  bend  a  giren 
bar  one  unit  long,  and  of  a  given  diameter  (say  one  centimetre),  through  a  unit 
of  arc  (say  one  degree).  This  quantity,  D,  is  called  the  coefficient  of  elattieity 
of  /lexurCf  and  in  any  case  the  value  of  a,  &,  (/,  and  /,  being  known  experi> 
mentally,  the  value  of  D  is  readily  ascertained  by  calculation. 

If  a  beam  is  supported  at  its  two  extremities,  A,  B,  fig.  123,  and  the  weight  is 
applied  in  the  middle,  the  formula  becomes 

161>afcrf»  ,  .  .     ^. 

(2.)   W  =  — -z — ,  where  a  is  the  flexure  and  I  the  diitanoe 


firom  the  supports. 


123 


W 


The  following  laws  are  deduced  from  the  first  formula : 

1.  The  displacement  of  the  free  end  of  the  bar  is  proportional  to  the 
load. 

This  is  equally  evident  from  the  experiments  of  Coulomb  and  from 
an  analysis  of  the  isochronism  of  the  oscillations  acoompanyiDg  the 
effort  to  restore  the  equilibrium. 

2.  The  load  requisite  to  produce  a  given  flexure  ts  proporiumaX  to  the 
hreadlh  of  the  beam  or  bar. 
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nda  i«  endent  if  we  coDiider  &  beam  two  or  thrM  timea  aa  brosi), 
eoupoMd  3f  two  or  three  Mparate  beama,  each  reqairiog  the  aame  load 
aa  the  first  bar  to  flax  it  through  tfae  aune  arc 

3.  Thtloadit  altopropOTiwnal  lo  the  cubeofAedqHhorAieknettqf 
tie  bar. 

4    TheloadiMimlkeijn)erMeTahoofthecubeo/ihelatfftho/lhtbar. 

If  the  aeetion  of  the  beam  ii  not  a  rectangle,  with  one  aide  perpen- 
dicolar  to  the  direction  of  tiie  fleiiog  force,  these  laws  cannot  be 
dinetl;  applied.  It  ia  aasnined  in  all  the  cases  that  the  bar  returns  to 
■t«  firat  poaitioD  when  led  to  itself;  or,  in  other  words,  that  Che  prcMure 
baa  not  exceeded  the  limit  of  elaiticitj. 

A|q>Iloatloiia. — CoDstaDt  nae  is  made  of  the  elasticit;  of  flexure. 
The  dyaamometer  of  Bejnier  has  alreadj  beeo  named  (37).  Sprio;^ 
of  all  kinds,  for  balances,  carriages,  time-pieces,  bows,  &e,,  emploj  this 
ageDcy.  The  aneroid  barometer  of  Tidi,  and  the  metallic  manometer 
and  thermometer  of  Boordon  are  familiar  and  moat  useful  applicatioua 
of  this  force. 

163.  H.  Bourdon's  metallio  barometei. — M.  Bourdon,  of  Paris, 
has  applied   the  principle  of  elas-  124 

ticitj  of  flexure  to  the  construction 
of  a  metallic  barometer,  which,  with 
great  eimpliritj  of  conatTuction,  ba« 
all  the  adrantagea  of  the  aneroid. 
.^Tbe  eaaential  part  of  the  instrument, 
fig.  124,  oonaista  of  a  *ei7  thin  and 
elaatie  brass  labe.  A,  bent  into  the 
form  of  BB  an  of  a  circle,  whose  cross 
■eotion  is  a  flattened  ellipse,  with 
its  longer  diameter  perpendicular  I 
to  the  plane  of  curvature.  This  tube, 
exhausted  of  air,  aud  hermetically 
closed,  is  attached  only  at  its  centre, 
BO  that  the  ends  are  free  to  move; 
With  a  diminiahed  atmospheric  pres- 
sure, the  ends  separate  from  each  other.  If  the  atmospheric  pressnrv 
increaees,  the  ends  oome  nearer  together.  By  means  of  the  metallic 
wirea,  a,  h,  and  the  spring,  e,  these  movements  of  the  ends  of  the  tube 
■re  oommnnicaled  to  a  needle  moving  over  a  graduated  plate.  ^ 

The  same  principle  Bourdon  has  applied  to  the  eonstmction  of 
manometers  for  locomotives  and  other  steam-boilers,  which  are  now 
extenaively  naed  in  all  eoonlrioe. 
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164.  The  aneioid  bBJometer.* — Tbe  construotion  of  this  ingtru- 
meat,  iuventfiil  b;  Vidi,  of  Parie,  dcpeD<it»  upon  the  ol&stic It;  of  flexure. 
Being  of  am&U  size,   and   coDtaining  no  ... 

mercury,  it  is  very  portable,  and  it  giies 
results  aufGoieDtlj  accurate  for  all  ordinary 
purposes.  It  consist*  of  a  circular  copper 
bill,  the  cover  of  which  ie  very  thin,  and 
hermeticalty  sealed,  after  the  air  is  partly 
eihBUBt«d  from  its  interior.  This  chest  ia 
contained  in  on  outer  case,  fig.  125,  about  I 
four  inches  iu  diameter,  and  whiuh  has  a 
dial-plate  like  that  of  a  watch.  Variations  i 
in  tbe  pressure  of  the  atmosphere  will 
cause  the  cover  of  the  exhausted  box  to 
move  with  the  ciiange  of  tension.  By 
means  of  a  combination  of  levers  and  springs,  tbe  moremeiits  of  tlie 
centre  of  this  cover  are  oommuniuated  lo  a  pointer  nhich  moves  orei 
tbe  graduated  plate. 


Fis.  126  ehowi  the  intsrioi  conet 
or  tbe  eihauiled  box,  are  ntuched 
aprighla,  S,  nbifb  rut  npga  ■  levB] 
bj  meimi  of  a  pin  UDitlDg  Ihi 
iDvet,  P,  1)  Httubed  to  a.  bai 
fne\j  oa  two  pivot*  placed 


if  this  Id 


To  lbs  oovB 


bom  tha  uis,  0,  of  the  poiatsr, 
tmnamlttlDg  to  it  tbs  mavement. 
EicbIIcdI  Hieruid  biirumeteni  u 


Tbe  theory  of  the  baronieler  and  tbe  mode  of  observing  atmoapheria 
pressure  with  the  aneroid  haronieter,  is  explained  in  tbe  chapter  on 
j!Mea. 

1G5.  Blaaticity  of  torsion. — When  a  metallic  rod  or  wire  is  Urisieil 
liy  a  force  applied  at  one  extremity,  while  the  other  remaihs  fixed,  il 
has  a  conslant  tendency  to  return  to  its  first  position,  and  if  the  forvi 


•  Annroid  ii  derived 
(*  baromalAr  witkout  a 


mil  Ifitn  tt 


u  withdrawn,  when  left  to  itaelf,  the  w 
tioBi  before  it  ooines  to  a  state  of  rest. 

Wa  «B  «aS7  wa  how  torfisn  it  dnalopad  boa  clutisitj. 
ba  ■  meUUie  win,  nude  tcuH  bj    a  wsigbl,  W,  and 

twlfUd  bj  •  foFM  qipliad  Bt  ij,  ustiDg  in   m  eirela  of     . 

whiehrfl  ii  lb*  ndiiu.  Lot  ■•■  nprSHot  ta  Bnlargad  ^^ 
Ti«w  of  m  row  of  M<ri*ralM  on  Ilia  iiiilace  of  tha  wira 
pttnlltl  to  tba  aiu.  If  the  langtb  of  the  win  remwDi 
■neh>ac«d  dnring  tonion,  and  thv  line  hh  takea  the 
poaitiaii  of  the  ipinl  mn',  it  ii  arldent  that  the  diitaucei 
bMwMB  the  mol»eal«a  in  thli  line  mail  be  inereued.  The 
alaatioitj  of  tonion,  Iherefoze,  depends  upon  the  forea 
■ith  which  the  partielea  land  lo  pnMrre  their  reipectiTB 
dittaneaa  from  aaeh  other.  Bj  the  same  force  with  which 
tha  BMlaanlaa  on  the  nrfaoa  of  the  wire  tend  to  r«>iit 
■epajmticni,  tba  moleenlea  in  the  &xii  of  the  wire  are  com- 
praaaad,  and  tliera  !•  a  landenoj  lo  diminiih  the  length 
of  Iba  wire.  Tonion,  thenfare,  tends  to  aepaiala  the 
be  anrfaea  of  tha  wire,  and  t 


3  nukkea  «  utimbw  of  ocolk' 


compreu 


The  angle  of  tonion  ii  the  angolor  diitance, 
({&d',  through  which  the  moTableeod  of  the  wire  is 
rotated  aboat  its  axie.  tbe/one  of  tortion  is  the  power  appHed  at  the 
extremi^  at  a  lever  wboee  length  is  unity,  placed  perpendicular  to 
the  azia  of  tbe  wire,  to  produce  the  deviation  indicated  bj  the  angle 
of  tonion ;  this  force  is  called  the  eoeffkUnt  of  tortion. 

106.  Coulomb's  lawa  of  toralon. — For  our  knowledge  of  the  laws 
of  (onioii  we  are  indebted  to  Coulomb,  who  hae  reduced  these  lawB  to 
Iba  fblkrwuig  formula: 


(1)  ' 


^     ,  .,.(2)/=^j^. 


When  a  ejlindrical  weight,  W,  is  suspended  to  a  wire,  as  shown  in 
ig.  127,  so  that  its  axis  correspooda  with  the  axis  of  the  wire,  W  is  the 
fospended  weight,  a  ila  radius,  g  the  accelerating  force  of  gravitj  (71), 
f  the  coeffiment  of  torsion  for  the  extended  wire,  and  ( the  time  of  an 
cacillatioa  when  the  force  of  tonion  it  removed,  and  the  wire  is  left 
free  lo  vibrate.  The  following  laws  were  deduced  bj  Coulomb  from 
the  preoeding  fbrmuU: 

(1.)  Tke/orce  Iff  lortion  it  proporlumal  lo  lie  angle  of  tortion. 

To  piwa  tbli  law,  Conlomb  oaaaed  the  weight  lo  oxiillala  aronnd  ila  axil  bj 
the  tonlu  of  tha  wire,  and  foand  that  the  timet  of  oeeillatioD  wen  the  cama 
whatever  their  amplitude.  Tbia  remit  corretpDndt  with  the  rormula  in  which 
iho  time  of  oacillation  ii  independent  of  the  amplitade. 

Baard  npnn  thli  law,  Coulcnub  inrented  a  very  delicate  lartim  balanc*  whlob 
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bears  his  name.  This  instroment  will  be  desoribed  when  speaking  of  itf  use  in 
electric&I  experiments  (820). 

(2.)  The  force  oftornon  remains  ike  same  whatever  may  be  the  ientum 
of  the  wire. 

Experiments  prore  that  the  squares  of  the  times  of  oscillation  are  proportional 

W 
to  the  weights  employed,  whence  it  follows  that  -j,  in  formola  (2),  is  eonstaat 

whaterer  maj  be  the  value  of  W,  therefore  it  is  erident  from  the  formula  that 
the  coefficient  of  torsion,  /,  is  constant,  and  that  the  force  of  torsion  agrees 
with  the  preceding  law. 

(3.)  The  coefficient  of  torsion  is  inversely  proportional  to  the  lenffth  of 

the  toire. 

Experiments  prove  that  the  square  of  the  time  of  oscillation  is  proportional  to 
the  length  of  the  wire,  and  the  formula  shows  that  /  is  inversely  proportional 
to  t*,  therefore  it  must  also  be  inversely  proportional  to  the  length  of  the  wire. 

(4.)  The  coefficient  of  torsion  is  proportional  to  the  fourth  power  of  the 

diameter  of  the  wire. 

According  to  experiment,  the  time  of  oscillation  is  inversely  proportional  to 
the  square  of  the  diameter,  and  the  formula  shows  that  the  coefficient  of  torsion 
is  inversely  proportional  to  the  square  of  the  time  of  oscillation,  hence  the 
coefficient  of  torsion  is  proportional  to  the  fourth  power  of  the  diameter  of  the 
wire. 

167.  Torsion  of  rigid  bars. — Savart  found  by  experiment  that  the 

laws  of  Coulomb,  which  had  been  previouslj  determined  for  flexible 

wires  of  cylindrical  form,  were  equally  applicable  to  rigid  bars  of 

brass,   copper,   glass,  or  wood,  whether  the  sections  were  circular, 

square,  rectangular,  or  triangular,  provided   that  comparisons  were 

made  only  between  bars  of  the  same  form. 

More  recently  Poisson  has  demonstrated  these  laws,  in  case  of  cylindrical 
rods,  by  means  of  the  calculus,  aud  M.  Cauchy  has  obtained  the  same  result  by 
the  calculus  for  bars  having  a  rectangular  section. 

168.  Limit  of  elasticity. — When  a  wire  or  rod  has  been  stretched 
by  a  weight  which  is  very  great  in  proportion  to  the  diameter  of  the 
wire  or  rod,  the  elongation  and  the  diminution  of  diameter  do  not 
entirely  disappear  when  the  tension  is  removed.  The  bar  is  then  said 
to  have  been  ^roec^,  or  to  have  been  stretched  beyond  its  limit  of  eloHi' 
city.  Similar  effects  are  seen  when  elasticity  has  been  developed  by 
compression,  flexion,  or  torsion. 

These  results  are  explained  by  supposing  that  the  molecules  com* 
posing  tbo  wire  or  rod  have  been  forced  into  new  relations  with  each 
other,  so  that  elasticity  no  longer  acts  on  all  the  particles  in  the  same 
direction   as  before,  and  therefore  a  permanent  change  of  form  is 
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developed.  It  follows,  therefore,  that  after  a  rod  or  wire  has  thus  been 
forced,  there  should  be  a  new  state  of  elasticity  similar  to  the  first ;  and 
such  experiment  shows  to  be  the  case. 

If  a  degree  of  tension,  sufficient  to  produce  permanent  elongation, 
acts  for  a  long  time,  a  rod  will  be  gradually  drawn  out  into  wire. 

M.  Vlcat  has  obserred  a  wir«,  placed  where  it  was  free  from  any  sudden  shock, 
extended  by  a  weight  exceeding  its  limit  of  elasticity  (equal  to  about  one-third 
what  wonld  be  required  to  produce  instantaneous  rupture),  and  which  continued 
to  be  elongated  for  years  without  attaining  its  limit  of  extension. 

Thin  plates  of  glass  or  steel  placed  obliquely,  or  supported  only  at  the  ends, 
will,  after  a  time,  contract  a  permanent  curvature. 

The  limit  of  elasticity  is  rapidly  diminished  by  heat. 

At  temperatares  of  50<>  F.,  212<>  F.,  and  392^'  F.,  Wertheim  found  that  the 
limits  of  elasticity  for  copper  varied  as  the  numbers  3,  2,  1 ;  and  for  platinum 
as  14i,  13,  11^.  Annealing  diminishes  the  limits  of  elasticity,  but  Wertheim 
found  that  a  temperature  of  392°  F.  made  no  sensible  difference  in  the  elasticity 
of  those  metals  which  had  been  previously  annealed. 

169.  Change  of  density  produced  by  tension. — In  general, 
metals  that  are  forced  by  excessive  tension  increase  in  density  by  a 
lateral  approach  of  their  molecules,  but  the  contrary  effect  is  produced 
by  tension  in  bars  of  iron  or  lead.  Annealing  restores  the  density  of 
metals  which  have  been  forced  by  tension. 

i  4.  Strength  of  Materials. 

170.  La^rs  of  tenacity. — The  absolute  strength  or  tenacity  of  a 
body  is  its  power  of  resisting  a  force  applied  in  the  direction  of  its 
length,  and  tending  to  draw  it  asunder.  The  following  are  the  laws  of 
tenacity : 

1st.  The  tenacUy  of  a  bar,  or  rod,  or  the  resvtiance  it  is  able  to  sustain, 
is  proportional  to  the  area  of  its  transverse  section, 
2d.  The  ienaciii/  is  independent  of  the  length  of  the  bars. 

The  resistance  which  a  rod  can  sustain  is  evidently  proportional  to  the 
transverse  section  of  the  body,  for  the  cohesion  of  two,  three,  or  four  times  as 
man  J  particles  must  be  destroyed,  if  the  area  of  the  section  is  increased  two, 
three,  or  four  times.  If  a  wire  supports  a  certain  weight,  two  such  wires,  or 
one  of  double  sise  of  the  same  quality,  will  support  a  double  weight.  Tenacity 
is  nut  modified  by  length,  except  that  the  probability  of  casual  defects  increases 
with  the  length.  Tenacity  is  measured  experimentally  by  securing  one  end  of 
the  body  to  a  fixed  point,  and  hanging  gradually  increasing  weights  to  the  other, 
until  it  is  broken.  The  breaking  weight  measures  the  absolute  strength.  To 
compare  the  strength  of  different  bodies,  we  must  assume  a  unit  of  area  ;  the 
one  usually  chosen  is  one  square  inch. 

Tlie  following  table  gives  tlie  absolute  strength  of  some  of  the  more 
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important  bodies,  expressed  in  ponnds,  for  one  sqaare  inch  area  of  tlie 
transverse  section. 


1ft  Mktalb: — 


Steel  untempered, 

"    tampered,   . 

"  cast,  .  . 
Iron,  bar,  .     .     . 

"     wire,      .     . 

"  cast,  .  . 
Silrer,  cast,  .  . 
Copper,  "  .  . 
Brass,      "      .     . 

"  wire,  .  . 
Gold,  .... 
Tin,  oast,   .    .    . 

Zino 

Lead,     .... 


110,690—127,094 
114,794—153,741 
134,256 

53,182—  84,611 
58,730—112,905 
16,243—  19,464 
40,997 

20,320—  37,380 

17,947—  19,472 

47,114—  58,931 

20,490—  65,237 

4,736 

2,820 

887—    1,824 


2d.  Woods  : — 

Sycamore,     ....  9,630 

Birch, 12,225 

Elm, 9,720—15,040 

Laroh, 12,240 

Oak, 10,367—26,851 

Box, 14,210-24,043 

Ash, 13,480—23,455 

Pine, 10,038-14,965 

Fir, 6,991—12,876 

3d.  Cords  : — 

Hemp  twisted,  i  to  1  inch,  .  .  8,746 

1— 3      «  .  .  6,800 

3—5      "  .  .  5,845 

5—7      "  .  .  4,860 


it 

u 
it 


tt 
ii 


Wrought  metals  are  more  tenacious  than  cast,  and  alloys  are  sometimes 
stronger  than  either  of  their  constituents.  The  strength  of  metals,  as  a  rule, 
diminishes  as  they  are  heated ;  and  sudden,  frequent,  and  extreme  changes  of 
temperature  always  impair  tenacity. 

Johnson's  results. — From  an  extensive  series  of  carefully  oondacted 
experiments,  the  late  Professor  Walter  R.  Johnson  ascertained  that,  if 
either  bars  or  plates  of  malleable  iron  are  subjected  to  a  high  degree  of 
tension,  whilst  heated  to  550°  or  600°  F.,  and  are  then  gradually  cooled, 
the  maximum  tenacity  of  the  iron  is  sensibly  increased  over  fifteen 
(^^tVv)  P®^  ^^^^  From  the  maximum  thus  obtained,  the  tenacity 
gradually  diminishes  by  heating,  but  the  tenacity  will  remain  greater 
than  before  the  first  heating,  unless  the  temperature  is  raised  aboTe 
700°  F.  (Report  to  Franklin  Institute  on  strength  of  materials  for 
steam-boilers,  1837.) 

The  strength  of  cords  is  in  proportion  to  the  fineness  of  the  strands,  and  also 
to  the  fineness  of  the  flax  or  hemp  fibres  of  which  the  strands  consist  They 
are  weakened  by  orertwisting.  Damp  hempen  cords  are  stronger  than  dry  ones, 
twisted  than  spun,  tarred  than  untarred,  and  unbleached  than  bleaohed.  Silk 
cords  are  three  times  stronger  than  those  of  flax. 

Tenacity  of  vegetable  and  animal  sabstances. — Woods  are  rab- 
ject  to  great  inequalities.  Trees  grown  on  mountains  are  much  stronger  than 
those  of  the  same  kind  from  the  plains. 

Animal  and  regetable  substances,  conrerted  from  the  liquid  to  the  solid  stata^ 
as  gums,  varnish,  glue,  Ac,  possess  extraordinary  strength.  Rumford  found  that 
a  solid  cylinder  of  paper,  glued  together,  whose  sectional  area  was  one  square 
inch,  would  support  30,000  lbs. ;  and  a  similar  cylinder  of  hempen  strings,  glaed 
together  lengthwise,  supported  92,000  lbs. — a  tenacity  greater  Uiaa  that  obserred 
in  iron. 

171.  Resistance  to  pressure  in  colamns. — The  resistance  of  a 
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eoiamn  to  a  vertical  force  which  tends  to  crash  it,  depends  on  its  form, 
its  sectional  area,  and  its  height.  Of  two  columns  of  the  same  mate- 
rial, having  the  same  form  and  equal  heights,  the  one  which  has  the 
larger  sectional  area  will  be  the  stronger,  but  the  exact  ratio  of  increase 
in  strength  is  unknown. 

Aco  rding  to  Ealer :  When  the  btue  remains  the  same,  the  strength  of  a 
colum  1  diminishes  as  the  square  of  the  height;  that  is,  when  the  height  is 
trebled,  the  strength  is  diminished  nine  times. 

The  resistance  of  a  right  prism  is  in  the  inverse  ratio  of  the  square  of  the 
height,  and  directly  as  the  width,  and  the  square  of  the  thickness. 

A  prism,  whose  base  is  a  parallelogram,  has  less  strength  than  one  of  the  same 
height  and  volume,  whose  base  is  a  square ;  and  the  latter  less  than  a  cylinder 
of  equal  height  and  volume. 

A  solid  cylinder  resists  less  than  a  hollow  one  of  equal  height  and  mass ;  and 
lastly,  a  solid  cylinder  less  than  an  equivalent  cone.  A  column  of  one  piece  is 
■tronger  than  one  composed  of  several. 

Solids  do  not  offer  the  same  resistance  in  all  positions :  stones  in  the  position 
of  their  natural  bed  are  stronger  than  when  placed  otherwise  j  and  wood  is 
■tronger  in  the  direction  of  its  fibres  than  across  them. 

The  strength  of  rectangular  columns  is  directly  as  the  product  of  the  longer 
side  of  the  section  into  the  cube  of  the  shorter  side,  and  inversely  as  the  square 
of  the  neigh t. 

172.  The  lateral  or  transTeiBe  strength  of  materials  is  their 
power  to  resist  a  breaking  force  applied  at  right  angles  to  their  length. 

Let  a&c,  fig.  128,  be  a  beam  secured  at  one  end,  and  supporting  at 
the  other  extremity  a  weight,  W,  128 

acting  at  right  angles  with  its 
length.  It  is  evident  that  while 
the  suspended  weight  tends  to 
produce  extension  and  rupture 
at  the  upper  surface,  a,  the  par- 
ticles at  the  opposite  or  under 
surface,  o,  will  be  compressed. 
Between  these  two  points  there  will  be  a  certain  plane,  m  n,  called  the 
neutral  axis,  where  there  is  neither  extension  nor  compression. 

Suppose  the  power  of  the  beam  to  resist  compression  is  the  same  as 
its  power  of  resisting  extension,  then  the  neutral  axis  will  divide  the 
transTerse  section  into  two  equal  parts,  an  area  of  compression  and  an 
area  of  extension.  When  the  fibres  on  the  surface  a  are  extended  to 
their  limit  of  tenacity,  the  fibres  at  o  will  be  compressed  with  an  equal 
force,  while  no  force  is  exerted  on  the  neutral  axis,  therefore  the  entire 
force  required  to  be  overcome  to  produce  rupture  is  equal  to  one-half 
the  longitudinal  tenacity  of  the  beam.  If  t  represents  the  absolute 
tenacity  of  a  unit  of  area  (See  Table,  {  170),  6  the  breadth  of  the  beam, 
U» 
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ftnd  d  itn  depth,  then  the  reflistanoe  to  be  oreroome,  R,  =  {tbd.  The 
effect  of  the  breaking  force  tends  to  turn  the  section  a  o  about  the  neatrml 
axis.  The  sum  of  all  the  extending  forces,  128  a 

H  ht  fig.  128  a,  will  be  represented  by  the      J 
area  of  the  triangle  a  0  of.  These  forces  h  ^ 


® 


act  at  diff'erent  distances  from  the  «^.eatral  §  { 

axis,  0,  but  their  entire  effect  will  be  the      Bl*^ 

same  as  if  they  were  all  concentrated  at 

tho  centre  of  gravity  of  aOa^,  which  is 

at  a  distance  from  Q  equal  to  f  a  Q  = 

^ao=*  \d.  The  statical  moment  of  the  extending  force  will  therefore  be 

{tbd  X  i<i  =  ^ibd". 

The  statical  moment  of  the  compressing  force  is  also  -filhd^*  Hence  the 
sum  of  the  moments  of  the  statical  forces  opposed  to  fracture  is  (/M*. 
To  overcomo  this  moment  of  resistance,  the  weight,  W,  acts  at  the  end 
of  tho  beam,  the  length  of  which  we  represent  by  / ;  then,  since  at  the 
moment  of  fracture  the  statical  moment  of  the  weight  must  equal  the 
iit<^tioal  moment  of  tho  resistance,  we  shall  have 

Wl  =  ithd\    or,   W=^^. 

Tho  Intcral  oohcuion  of  tho  beam  prevents  the  different  laminaB  from  sliding 
on  ouch  othor,  nnd  thus  tends  to  prevent  fracture,  but  this  element  of  strength 
is  noglootod  in  tho  preceding  analysis. 

To  find  the  weight  r<M)uired  to  break  a  beam  supported  at  one  end* 
w<»  have  the  following — 

Ui*i.K :  MnUif^jf  thf  abfx^utf  tenacity  of  a  bfam  of  ike  tame  dimenMumt^ 
^V  %U  dri>fh^  ami  dirnU  tAe  ffroducf  by  fix  times  the  length;  ike  quo- 
tirnt  w  the  weiiiht  sujt^w^mM  at  the  eifrrmity  required  to  ffrtak  the  beaam 

Practical  applicationa. — To  apply  this  rule  to  practical  purposes, 
it  (!«  ne^'^HMrv  to  take  into  ivnsidcratitm  the  weight  of  the  beam  itself. 
Thi»  weight  m»y  Ik»  oiuisidore^  as  acting  at  its  centre  of  gravity,  oon- 
wN^u^^utW  th<^  strain  pT\\lui>eil  by  it  will  be  only  half  as  much  as  if  it 
aol^i  »l  th^  <»\tromitT  of  th^^  b<^am,  we  must  therefore  subtract  from  the 
br^akiujc  wt'ighl  %^n<^half  the  wt^ight  of  the  bcttm.  Calling  the  weight 
of  th^  b<HiUM  •^  the  f<vrmuU  iMcswmejk 

It  «^  ^^^M  4>9iiimaN'  i)m^  ><Na4  «1k4  a  Wva«  cax  ivnaia  witb«at  daagcr  of 

^v4kimii^.  «v  mn^i  «>Nn»}v^  t>--»i  >«Marv  f*"'  M^,%»trtv  naMvia]  tbev  mav  be 
^N^*^«X"w^^^^.  fcw  "IvfchV  ro  K-  w.  tv  ,-.?  ucss.  .w.-prr^W:.  T<»  afford  M>cmritT  from 
a^>»i4«>«k  <i  »*  x>**f^>w»^o  W"  4«ii^iiiNMkiir  i>*  «'4^^r.f  ^/^  as  «*1t  |,  |.  or,  in 
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For  a  eyUndrieal  beam  supported  aI  one  end,  the  breaking  weight,  diminished 
hj  the  weighi  of  the  beam  itself  is 

r     being  the  radios  of  the  beam. 


U 


'I 


For  a  tmbe  whose  external  and  internal  radii  are  r  and  r',  the  breaking  weight 
wfflbe 

'=(?-^)-(=?-j)=2M-^- 

For  a  reetangnlar  tabe  supported  at  one  end. 


ir=^(w«-*' 


129 


If  %  reetangnUr  beam  u  sopported  at  the  centre,  and  the  weight  it 
diridad  into  two  parts,  restr 
iBg  apoo  opposite  ends  of  the 
beam,  as  shown  A,  fig.  129,  we 
most  replace  W,i9,  and  /  in  the 
preceding  formala  by  }W,  }«, 
and  \l.  Making  these  snbsti- 
tiooa,  and  redacing : 

The  weighi  which  a  beam 

cmi  suppofi  when  it  retis  upon 

Hi  ecMire,  and  the  weight  i» 

eqmaOg  dimded  at  its  extremi- 

Het,  iMfamr  titmet  as  great  as  if  the  beam  were  supported  only  at  one  end, 

and  the  weight  was  suspended  from  the  other  end. 
One-half  of  the  beam  is  included  as  a  part  of  the  breaking  weight 
If  ibe  beam  is  supported  at  its  two  extremities,  and  the  weight  is 

suspended  at  the  eentre,  as  shown  at  B,  fig.  129,  the  breaking  weight 

win  obriouslj  be  the  same  as  the  sum  of  the  two  weights  in  the  pre 


If  the  beam  is  secured  at  both  extremities,  as  shown  at  D,  fig.  129, 
and  the  waght  is  placed  at  the  centre,  three  fractures  are  to  be  pro- 
duced simuhaneouslj.  To  produce  the  fracture  at  the  centre  separately 
will  require  the  same  weight  as  in  the  preceding  case,  and  the  fractures 
at  C  and  C^  will  each  require  one-half  as  much  more  force,  while  on^ 
half  of  the  weight  of  the  beam  is  to  be  included     Therefore. 

w_  Sibd* 
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Oeneral  estimate  of  the  strength  of  beams. — ^If  the  weight  ia 
evenly  distributed  over  the  whole  beam,  it  will  support  twioe  as  much 
as  if  the  whole  pressure  were  placed  in  the  centre.  If  a  rectangular 
beam  has  two  or  three  times  the  breadth  of  another,  the  depth  and 
length  being  the  Bame,  it  will  have  two  or  three  times  the  lateral 
strength;  and  if  the  length  is  increased  two  or  three  times,  other 
things  being  equal,  the  power  of  suspension  will  become  one-half 
or  one-third  respectively.  When  the  length  and  breadth  remain  the 
same,  the  strength  increases  with  the  depth,  but  in  a  higher  pro- 
portion. A  beam  having  the  same  length  and  breadth  as  another,  but 
twice  or  three  times  the  depth,  will  bear  a  four  or  nine  times  greater 
weight.  A  thin  board  or  beam  is  therefore  much  stronger  when  placed 
on  its  edge  than  on  its  side ;  on  this  principle,  the  rafters  and  floor 
timbers  of  buildings  are  made. 

In  round  timber,  the  power  of  suspension  is  in  proportion  to  the 
cubes  of  the  diameters,  and  inversely  as  the  length ;  a  cylinder  whose 
diameter  is  two  or  three  times  greater  than  that  of  another,  will  carry 
a  weight  8  or  27  times  heavier.  The  lateral  strength  of  square  timber 
is  to  that  of  the  tree  whence  it  is  hewn  as  10  :  17  nearly. 

The  strongest  rectangular  beam  that  can  be  sawn  from  a  piece  of 
round  timber  is  one  whose  breadth  is  equal  to  the  square  root  of  one- 
third  multiplied  by  the  diameter,  and  its  depth  is  equal  to  tho  ^aare 
root  of  two-thirds  multiplied  by  the  diameter. 

A  tube  ia  the  form  which  combines  the  least  weight  of  materials 
with  the  greatest  lateral  strength.  Galileo  was  the  first  who  remarked 
that  the  bones  of  animals,  the  quills  of  birds,  the  stalks  of  plants  which 
bear  a  heavy  weight  of  seed  at  their  summit,  and  other  similar  hollow 
cylinders,  offer  a  much  greater  resistance  than  solid  cylinders  of  the 
some  length,  and  constructed  of  the  same  quantity  of  matter. 

A  round  tube  whose  external  and  internal  diameters  are  to  each 
other  as  10  :  7  has  (according  to  Tredgold)  twice  the  lateral  strength 
of  a  solid  cylinder  containing  the  same  amount  of  material. 

A  rectangular  tube,  whose  height  is  considerably  greater  than  the 
breadth,  will  sustain  a  greater  amount  of  lateral  pressure  than  a  hollow 
cylinder  of  the  same  thickness,  and  containing  the  same  amoant  of 
material,  because  a  much  greater  amount  of  material  is  placed  at  s 
remote  distance  from  the  neutral  axis.  Hollow  r^tangiilar  beams  of 
iron  are  used  in  architecture,  and  the  same  form  of  construction  was 
selected  by  Stephenson  for  the  Britannia  and  Victoria  Bridges. 

The  Britannia  Tubular  Bridge,  across  the  Menai  Straits,  is  an 
immense  rectangular  iron  tube,  or  corridor,  17  feet  wide,  22  feet  high 
at  the  ends,  30  feet  at  the  centre,  and  1834  feet  long,  through  whick 
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the  English  Western  Railroad  passes  from  Wales  to  the  island  of 
Anglesea,  104  feet  above  high  water  mark.  Two  of  the  openings 
between  the  piers  are  each  460  feet,  and  the  other  two  each  230  feet. 
The  ordinary  pressure  of  the  railroad  trains  which  pass  this  bridge 
produces  a  depression  of  merely  one-eighth  of  an  inch,  or  less ;  discerni- 
ble only  by  the  aid  of  instruments. 

The  Victoria  Tubular  Bridge,  for  the  passage  of  the  Grand  Trunk 
Riulway  across  the  St.  Lawrence,  at  Montreal,  is  6600  feet,  or  a  mile 
and  a  quarter  in  length.  It  has  24  openings  of  242  feet  each,  and  a 
centre  span  of  330  feet.  The  abutments  are  36  feet,  and  the  central 
piers  60  feet  above  summer  water.  The  breadth  of  these  immense  iron 
tubes  is  16  feet,  the  height  at  the  ends  of  the  bridge  19  feet,  and  at  the 
centre  21  feet  8  inches.  The  tubes  are  constructed  of  boiler  iron, 
Tarying  from  J  to  }  an  inch  in  thickness,  strongly  braced  with  lateral 
irons  placed  at  distances  of  from  3  to  6  feet.  The  cost  of  this  stupen- 
doas  bridge  was  $7,000,000. 

173.  Iiimits  of  magnitude. — The  materials  of  all  structures  must 
support  their  own  weight,  and  therefore  their  available  strength  is  the 
exeest  only  of  their  absolute  strength  above  what  is  necessary  to  sup- 
port themselves. 

When  all  the  dimensions  of  materials  are  increased,  the  absolute 
strength  augments  as  the  square  of  the  ratio  of  increase,  but  at  the 
same  time,  the  weight  of  the  materials  augments  as  the  cube  of  the 
increase. 

If  the  dimensions  of  a  beam  are  doubled,  it  is  four  times  stronger, 
and  eight  times  heavier ;  or  if  its  magnitude  is  multiplied  4  times,  its 
strength  will  be  multiplied  16  times,  and  its  weight  64  times. 

In  consequence  of  unequal  ratio  in  increase,  the  strength  of  a  struc- 
ture of  any  kind  cannot  be  estimated  from  its  model  alone,  which  is 
always  much  stronger  in  proportion  to  its  size  than  the  structure.  In 
enlarging  a  structure,  a  limit  is  soon  reached  at  which  it  has  no  avail- 
able strength,  its  total  absolute  strength  being  required  to  support 
itself;  and  if  this  limit  is  passed,  it  will  fall  to  pieces  by  its  own  weight. 

All  works,  natural  and  artificial,  have  such  limits  of  magnitude  which 
they  cannot  surpass  while  their  materials  remain  the  same. 

In  conformity  to  this  principle,  small  animals  are  stronger  than  large  ones, 
and  insects  and  animalcalss  are  capable  of  feats  of  strength  and  agility,  which 
■eem  miraculous  when  translated  into  the  proportions  of  man.  The  operation 
of  the  same  law  may  be  seen  by  comparing  the  unwieldy  movements  of  the 
elephant  with  the  lithe  and  active  tiger,  or  the  easy  motion  of  song-birds,  and 
the  arrowy  swoop  of  the  hawk,  with  the  laborious  and  measured  flight  of  the 
swan,  and  the  condor  of  the  Andes.  For  the  same  reason,  the  gigantic  saurians, 
whose  bones  are  mentioned  by  geologists,  had  their  home  in  the  ^cean,  where. 
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in  modern  times,  are  foand  lea-weedB  of  interminable  length,  and  aniraali, 
whose  ponderous  mass  would  be  incapable  of  motion,  if  they  were  not  floated 
buoyantly  by  the  element  they  inhabit. 

{  5.  Properties  of  Solids  depending  on  a  permanent  displaoo- 

ment  of  their  Molecules. 

174.  Malleability,  or  the  property  of  being  wrought  ander  the 
hammer,  belongs  to  many  of  the  metals  in  an  eminent  degree,  and 
uDon  it  their  utility  in  a  great  measure  depends. 

The  following  is  the  order  of  malleability  of  the  principal  metals,, 
when  extended  under  the  hammer ;  vis.,  lead,  tin,  gold,  sine,  BiWer, 
oopper,  platinum,  iron.  This  order  represents  the  facility  of  eztensioii 
depending  on  relative  hardness,  but  gold  may  be  beaten  thinner  than 
any  other  metal  (compare  {  19). 

The  property  of  extending  into  plates  in  the  rolling-mill  is  somewhat 
different  from  the  facility  of  extending  under  the  hammer,  and  is  pos- 
sessed by  the  metals  in  the  following  order;  viz.,  gold,  silver,  oopper,  tin, 
lead,  sine,  platinum,  iron.    Malleability  varies  with  the  temperature. 

Iron  is  most  malleable  when  it  first  attains  a  white  heat,  and  in  that  ttalt 
huge  masses  of  it  are  taken  from  the  furnace  to  be  forged,  the  metal  yielding 
like  wax  to  the  pressure  of  the  rolling-mill,  or  the  blows  of  the  hammer.  Zine 
is  most  malleable  at  300°  or  400°,  and  lead  and  copper  when  they  are  eold. 
Glass,  which  is  very  brittle  when  cold,  becomes  malleable  at  a  high  temperature. 
Gold  may  be  hammered  into  leaves  so  thin  that  a  million  of  them  are  leu  than  an 
inch  thick.  Metals  lose  their  malleability  by  constant  hammering,  but  reoover 
it  again  by  being  heated  and  slowly  cooled — a  process  called  annealing, 

175.  Ductility,  or  the  property  of  being  drawn  into  wire,  must  not 
be  confounded  with  malleability,  for  the  same  metals  are  not  always 
both  ductile  and  malleable,  or  do  not  possess  these  properties  to  an 
equal  extent.    In  general,  ductility  increases  with  the  temperature. 

The  following  is  the  order  of  ductility  in  the  principal  metals ;  vis., 
platinum,  silver,  iron,  copper,  gold,  zinc,  tin,  lead. 

Iron  may  be  drawn  into  the  finest  wire,  but  it  cannot  be  rolled  into  plates  of 
proportional  thinness.  Tin  and  lead  possess  these  qualities  in  the  reverie 
order. 

176.  Hardness  has  no  relation  to  density,  or  the  number  of  partioles 
within  a  given  space,  but  depends  only  on  the  nature  of  the  particles, 
their  mutual  arrangement,  and  cohesion. 

The  metals  may  be  scratched  by  glass,  which  is  far  lighter  than  most  of  tbeoiv 
and  among  metals,  density  is  not  connected  with  relative  hardness.  Alloyi  are 
often  harder  than  either  of  their  constituents,  and  some  metals,  as  iteel^  may 
have  their  hardness  modified  by  heat  at  pleasure. 

The  following  table  gives  the  scale  of  hardness  used  by  mineralogitts, 
oommencing  with  talc,  the  softest  crystalline  solid,  and  ending  with 
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JUamandj  which  U  esteemed  the  hardest,  since  it  cats  all  other  bodies, 
but  <!annot  be  cut  by  any  but  itself. 


D^ 

SolMtanee. 

D««. 

1 
2 

3 

4 
6 

Talc. 
Oyptum. 
Cale  spar. 
Fluor  spar. 
Apatite. 

6 
7 
8 
9 
10 

Feldspar. 

Quarts. 

Topas. 

Sapphire. 

Diamond. 

The  terms  hard  and  soft  are  seen  by  an  inspection  of  this  table  to 
be  entirely  relative,  since  each  succeeding  body  is  harder  than  the  one 
preceding,  and  vice  versa,  the  extremes  only  being  respectively  softer 
and  harder  than  all  others. 

We  employ  hardened  steel  to  cut  wood,  and  even  iron ;  emery  (the  rough 
sapphire)  ii  required  to  cut  and  polish  steel  and  glass.  The  diamond,  set  in  a 
staff  of  metal,  is  an  efficient  tool  for  cutting  plates  of  glass  into  any  required  sise. 
Bven  the  hardest  rocks,  as  porphyry  and  jasper,  are  readily  turned  into  any 
required  form  in  the  lathe,  hy  the  use  of  a  diamond  properly  set  as  a  turning 
tooL 

177.  Brlttleneaa. — Bodies  vrhich  are  easily  broken  in  pieces  and 
pulverised  are  said  to  be  brittle.  Such  are  hard  bodies  generally,  and 
also  many  highly  elastic  substances. 

178.  Hardening;  Temper;  Annealing. — When  certain  metals  are 
heated  to  redness  or  to  a  higher  temperature,  and  then  are  suddenly 
oooledf  by  plunging  into  cold  water,  oil,  or  mercury,  they  become  hard, 
brittle,  and  more  elastic  than  before.    This  process  is  called  hardening. 

The  effects  of  this  method  of  hardening  are  most  important  in  the  case  of 
steely  since  it  is  in  virtue  of  this  quality  that  its  application  to  a  great  variety 
sf  purposes  depends. 

When  steel  is  raised  to  a  high  heat  and  slovrly  cooled,  it  becomes 
•oft,  ductile,  flexible,  and  much  less  elastic  than  before.  This  process 
is  called  softening  or  annealing ,  although  the  latter  term  is  more  fre- 
quently employed  to  denote  a  similar  process  of  removing  the  hardness 
produced  by  hammering,  and  other  mechanical  means. 

Softened  steel  may  be  hammered,  rolled  into  sheets,  drawn  into  wire, 
or  wrought  into  any  form  required  in  the  arts.  If  hardness  or  great 
elasticity  is  required,  the  steel  is  then  heated  to  redness  and  plunged 
into  cold  water,  oil,  mercury,  or  some  other  fluid,  by  which  it  is  rapidly 
cooled.  If,  as  is  generally  the  case,  it  is  then  too  hard  for  the  use  to 
which  it  is  to  be  applied,  a  portion  of  the  hardness  is  removed  by  what 
is  called  drawing  the  iempcTf  by  heating  to  a  lower  temperature,  and 
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allowing  the  article  to  cool  gradually.  The  proportion  of  hardncM 
removed  depends  on  the  temperature  to  which  the  articles  are  heated. 
This  process  of  reheating  and  cooling,  by  which  the  degree  of  hardness 
is  modified  to  suit  any  special  purpose,  is  called  tempering. 

Colors  of  tempered  steel. — The  workmen  carefully  obserre  the  eolor 
of  the  steel,  as  it  is  reheated,  and  determine,  from  the  tint,  when  a  degree  of 
beat  is  obtained  sufficient  to  produce  the  temper  desired.  The  tinti  which  cor- 
respond approximately  to  the  different  temperatures  are  as  follows : — 

Light  straw,       428°  F.         Violet  yellow,  SOO®  Blue,  660 «» 

Golden  yellow,  446°  Purple  violet,  630°  Beep  blue,  603<* 

Orange  yellow,  464°  Feeble  blue,      660°  Sea-green,  626° 

Dies  used  in  coining  require  to  be  made  of  the  hardest  steel.  Filei  have  bat 
A  vory  little  of  the  hardness  removed  by  tempering.  Rasors  and  fine  cutlery 
are  reheated  to  a  pale  yellow ;  penknife  blades  to  a  light  straw  color ;  table 
cutlery,  where  flexibility  is  required  more  than  hardness,  is  reheated  to  violet; 
watch-springs  to  a  full  blue ;  coach-springs  to  a  deep  blue. 

Tempering  by  a  bath. — In  many  manufactories  the  requisite  heat  for 
tempering  is  obtained  by  immersing  the  hardened  steel  articles  in  a  bath  of 
metallic  alloys,  mercury,  or  oil,  the  temperature  of  which  can  be  exactly  regu- 
lated by  a  thermometer.  The  articles  to  be  tempered  are  placed  in  the  bath, 
which  is  then  heated  to  the  required  temperature,  and  then  allowed  to  cool 
slowly.  In  this  way  a  great  number  of  articles  of  the  same  kind  can  be  made 
to  assume  a  uniform  temper  at  small  expense. 

It  is  a  remarkable  property  of  steel  that  when  it  is  heated  to  a  temperature 
that  allows  it  to  begin  to  harden,  by  rapid  cooling  it  receives  its  fVill  degree  of 
hardness.  It  cannot  be  partially  hardened  at  any  lower  temperature.  A  bar 
of  steel,  heated  at  one  end  while  the  other  remains  cold,  will  be  found,  afVor 
rapid  cooling,  hardened  at  one  end,  with  a  sharp  line  of  demarkation  between 
the  hard  and  soft  parts.  Where  it  has  been  heated  to  a  temperature  insulBcieiit 
for  hardening,  and  is  then  rapidly  cooled,  it  is  sensibly  softened. 

Temper  of  glaaa. — ^Glass  undergoes  the  same  changes  by  tempering 
as  steel.  It  becomes,  by  rapid  cooling,  more  brittle,  harder,  and  less 
dense.  A  specimen  of  glass,  examined  by  Chevandier  and  Wertheim, 
having  a  density  of  2*513,  acquired  by  annealing  a  density  of  2*523. 
For  hardening  glass  it  is  sufficient  to  allow  it  to  cool  rapidly  in  the 
open  air,  by  moving  it  about.  Glass-ware  is  annealed  by  passing  it 
slowly  through  a  very  long  oven,  called  a  ** leer"  the  end  where  it 
enters  being  nearly  a  red  heat,  and  the  other  extremity  nearly  cold. 
Without  the  process  of  annealing,  glass  utensils  would  be  almost 
worthless. 

Prince  Rupert's  Drops. — A  beautif\il  illustration  of  the  properties  of 
unannealo<l  glass  may  be  seen  in  the  scientific  toy  called  Prinoe  Rupert's  Dropi, 
or  Dutch  Tears.  They  are  made  by  dropping  melted  glass  into  water,  by  which 
aieaiis  it  is  suddenly  cooled  and  becomes  very  hard  and  brittle.    They  have  s 
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long  OTftl  fonn  Upering  to  a  point  at  one  end,  fig.  130.    The  bodj  of  tboM 
glau  drops  will  bear  a  smart  stroke  from  a  hammer  without  break-        130 
ing,  bnt  if  a  portion  of  the  smaller  end  is  broken  ofi*  the  whole  mass 
will  be  broken  into  an  almost  impalpable  powder,  with  a  riolent 
ihoek.    The  Bologna  rial  is  another  similar  example. 

Tempezing  copper  and  bronse. — Most  metals  are  acted 
on  bj  heat  and  cold  in  the  same  manner  as  steel,  but  to  a 
less  extent.  Copper  is  a  remarkable  exception,  since  its 
properties  in  this  respect  are  exactly  the  reverse  of  those  manifested 
by  steel.  When  copper  is  rapidly  cooled  it  becomes  soft  and  malleable, 
Dot  when  it  is  slowly  cooled  it  becomes  hard  and  brittle. 

Bronse,  which  is  an  alloy  of  copper  and  tin,  undergoes,  by  change 
of  temperature,  the  same  changes  as  copper,  but  in  a  more  remarkable 
degree. 

A  recent  fracture  of  bronze,  which  has  been  rapidly  cooled,  presents 
a  yellow  color ;  but  after  it  has  been  slowly  cooled  the  color  is  a  bril- 
liant white,  like  pure  tin.  It  is  thus  evident  that  hardening  and  anneal- 
ing cause  different  arrangements  of  the  particles  of  copper  and  tin  of 
which  the  bronze  is  composed. 

179.  Hammering. — By  hammering,  the  molecules  of  many  bodies 
are  brought  nearer  to  each  other,  so  that  their  density  is  increased. 
By  rolling,  wire-drawing,  extension,  compression,  bending,  twisting, 
or  any  mechanical  means  by  which  the  limits  of  elasticity  are  passed, 
changes  are  effected  similar  to  those  produced  by  hammering. 

]>ad  yields  under  the  hammer  or  rolling-mill  without  increasing  its  densitj, 
bnt  its  density  may  be  increased  by  compressing  in  dies,  or  in  any  situation 
where  it  has  no  room  to  spread  out  under  the  action  of  the  compressing  force. 

By  such  mechanical  means  the  physical  properties  of  solid  bodies  undergo 
changes  analogous  to  those  produced  by  tempering.  They  become  dense,  tena- 
eions,  hard,  brittle,  and  their  limit  of  elasticity  (168)  is  increased,  although  their 
^aatic  force  is  unchanged,  as  was  shown  by  Coulomb,  from  the  fact  that  their 
vibrations  in  either  condition  are  accomplished  in  the  same  time. 

Annealing  restores  the  metals  to  the  same  condition  as  before  they  were  sub- 
mitted to  mechanieal  force.  Iron  and  platinum  require  to  be  frequenUy  annealed 
during  the  process  of  drawing  into  wire. 

The  ancients  gave  to  the  bronze  plates  of  their  armor  the  necessary  hardness 
by  hammering. 

When  sine  and  iron  have  been  hardened  by  rolling,  the  tenacity  and  elasticity 
are  not  the  same  in  both  directions  of  the  plates,  and  rolling  does  not  increase 
the  tenacity  in  so  great  a  degree  as  drawing  into  wire.  M.  Navier  found  that  a 
rod  of  forged  iron,  having  a  section  of  one  square  millimetre,  required  to  break 
it  a  weight  of  40  kilogrammes.  When  it  had  been  rolled  into  thin  plates,  a 
t^p  cat  in  the  direction  of  its  length,  having  the  same  sectional  area,  required 
a  weight  of  41  kilogrammes  to  break  it ;  but  only  36  kilogrammes  if  cut  in  a 
transverse  direction. 
Fine  wire  twisted  into  cables  is  used  to  support  suspension  bridges,  because 
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■nob  oabloB  are  much  stronger  than  the  same  amoant  of  iron  ii.  the  form  of  riMl* 
or  eoarse  wire. 

180.  Changes  of  straotore.  affecting  the  meohanioal  proper- 
ties of  metals,  take  place  spontaneously  by  the  lapse  of  time,  or  more 
rapidly  by  the  influence  of  heat  or  vibrations. 

These  changes  have  been  principally  observed  in  iron.  When  this 
metal  is  recently  forged  it  is  very  strong  and  flexible,  and  its  fracture 
is  fibrous  and  of  a  dull  color ;  but  when  it  becomes  old,  or  has  been 
subjected  to  frequent  vibrations,  or  changes  of  temperature,  it  becomes 
hard  and  brittle,  and  its  fracture  is  coarsely  granular,  presenting  many 
brilliant  facets.  This  change,  often  seen  in  the  axles  of  railway  car- 
riages, is  produced  by  vibration  combined  with  the  heat  of  fViotion, 
especially  in  the  severe  weather  of  northern  winters.  These  facts,  well 
known  to  engineers  upon  railroads,  explain  the  necessity  of  running 
trains  at  but  moderate  speed  when  the  thermometer  indicates  a  tempe- 
rature near  to  zero. 

Similar  ohangos,  diminishing  the  tenacity,  take  place  in  chains  and  anehon^ 
which  have  been  for  a  long  time  imbedded  in  ice.  Gay  Lnseac  has  observed  ban 
of  iron,  which  became  almost  as  brittle  as  glass  by  remaining  for  a  long  time 
at  a  high  temperature  in  an  oven. 

Some  curious  results  produced  by  vibration  were  discovered  by 
Savart,  who,  having  caused  strips  of  glass  and  bars  of  metal,  drawn 
into  wire,  to  vibrate  in  the  direction  of  their  length,  found  that  they 
gave  out  at  first  very  indistinct  and  confused  sounds,  but  on  continuing 
the  experiments  for  a  long  time  this  confusion  gave  place  to  clear  and 
distinct  tones,  which  were  obtained  with  ease. 

Brass  wire  strained  like  the  strings  of  a  piano,  where  it  is  exposed 
to  atmospheric  changes  and  constant  vibration  from  currents  of  air,  in 
a  few  mouths  loses  its  tenacity  and  becomes  completely  friable,  show- 
ing in  its  cross  fracture  a  radiated  structure. 

Annealing  produces  the  same  effect,  in  this  respect,  as  vibration.  SuhiitaDees 
cast  in  the  form  of  plates  do  not  resound  well  until  after  the  lapse  of  sereral 
days.  Sulphur,  cooled  in  the  form  of  a  disc,  does  not  at  first  giro  ont  a  clear 
sound,  but  after  a  time  it  vibrates  readily,  and  after  the  lapse  of  some  months 
the  sound  emitted  \s  very  much  changed.  This  proves  that  there  has  been  toms 
modification  of  structure.       »  « 

i  6.  Collision  of  Solid  Bodies. 

18 1 .  Motion  communicated  by  collision. —  When  two  solid  bodies 
come  into  collision^  the  motion  is  redistributed  through  them^  whether  one 
or  both  bodies  are  in  motion. 

1.  If  the  bodies  are  soft  and  tenacious,  or  if  the  shock  is  not  so 
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l^reat  as  to  overcome  the  tenacity  of  one  or  both  bodies,  they  ai^quire  a 
uniform  motion,  and  move  in  contact  as  one  body,  as  stated  under 
impact,  {  112. 

2.  If  the  bodies  are  hard  and  inelastic,  and  the  collision  takes  place 
at  only  a  small  portion  of  the  surfaces,  and  if  the  shock  is  so  great  as  to 
overcome  the  tenacity  of  one  or  both  bodies  before  motion  is  uniformly 
distributed  through  the  masses,  they  will  be  broken  in  pieces,  and  the 
fragments  scattered  in  different  directions. 

3.  If  the  bodies  are  so  elastic  that  motion  may  be  distributed  through 
the  mass  before  the  limit  of  elasticity  is  passed,  a  reaction  will  take 
place,  and  the  elasticity  will  modify  the  distribution  of  motion. 

182.  Direct  impact  of  elastic  bodies. — When  two  elastic  spheri- 
cal bodies  m  and  m^,  fig.  131,  come  into  collision,  while  moving  in  the 
same  straight  line,  they  will  undergo  compression  or  flattening,  as  shown 
in  the  figure,  and  their  centres  will  continue  to  approach  each  other 
until  they  acquire  a  common  velocity  (112).    This  velocity  is  repre- 

mu  -f-  mfxif 

sented  by  «  = ; 7-,  u  and  u^  being  the  velocities  before  impact, 

m  -\-  mr 

and  X  the  common  velocity  of  their  centres  of  gravity  at  the  instant  of 

greatest  compression.   If  the  limit  of  elasticity  has  131 

not  been  passed,  the  elasticity  of  the  two  bodies 

will  now  act  .as  an   internal  force,  causing  their 

centres  of  gravity  to  recede  from  each  other,  until 

the  bodies  recover  their  original  forms,  when  they 

separate,  and  the  shock  terminates. 

183.  Modulus  of  elasticity. — When  two  elastic  bodies  meet,  the 
force  with  which  they  are  urged  towards  each  other  is  called  the  y(/rc« 
of  eompression ;  the  force  of  elasticity  causing  their  centres  to  recede 
during  the  second  interval  of  the  shock  is  called  the  force  of  restitution  ; 
the  ratio  of  these  two  forces  is  called  the  modulus  of  ekuticiiy.  When 
this  ratio  is  unity,  or  the  force  of  restitution  is  equal  to  the  force  of 
compression,  the  bodies  are  said  to  be  perfecUy  elastic.  When  this 
ratio  is  sero,  the  bodies  are  said  to  be  inelastic.  For  any  value  of  this 
ratio,  between  these  extremes,  the  bodies  are  said  to  be  imperfectly 
doMiic, 

There  are  no  bodies  known  that  are  perfectly  elastic,  or  perfectly 
inelastic ;  hence,  in  considering  the  collision  of  solid  bodies,  it  is  neces- 
sary to  take  into  account  the  degree  of  elasticity  which  they  possess. 

The  following  table  exhibits  the  degree  of  elasticity  of  several  com- 
mon substances,  perfect  elasticity  being  taken  as  unity. 
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BabtUnees. 

1 
Degree  of  elasticity. 

i 

8abfltanees. 

Degree  of  eUstidt  j. 

Glass,     .... 

0*94 

Bell  metal,  .    .    . 

0-67 

Hard-baked  clay, 

089 

Cork,       .... 

0-65 

Irory,     .... 

0-81 

Brass,     .... 

0-41 

Limestone,  .    .    . 

0-79 

Lead,       .... 

0-20 

Steel,  hardened,    . 

0-79 

Clay  Just  yielding ) 
to  the  hand, 

0*17 

Cast-iron,    .     .     . 

0-73 

Steel,  soft,  .     .    . 

0-67 

184.  Velocity  of  elastic  bodies  alter  direct  impact. — If  two 
imperfectly  elastic  bodies,  m  and  m^,  move  in  the  same  strmight  line 
with  velocities  u  and  u^,  u  being  greater  than  u^,  the  first  bodj  will 
overtake  and  strike  against  the  second  with  the  same  force  as  if  the 
second  body  were  at  rest,  and  the  first  body  were  moving  with  a  velo- 
city equal  to  u  —  ti^.  The  two  bodies,  being  elastic,  will  suffer  com- 
pression until  they  acquire  a  common  velocity, 

X= J". 

The  velocity  lost  by  m  at  this  instant  will  be  u  —  x,  and  the  velocity 
gained  by  m^  will  be  a:  —  u^ 

Let  e  be  the  modulus  of  elasticity,  and  v  and  v'  Uie  Tolocities  of  the  two  bodies 
after  they  recover  their  original  forms  at  the  close  of  the  second  period  of  the 
shock. 

Since  the  forces  of  compression  and  restitution  are  in  proportion  to  the  velo- 
eities  they  generate  or  destroy,  the  velocity  destroyed  in  m  by  the  force  of 
restitution  will  be  e  (u  —  jr),  and  the  velocity  gained  by  m',  by  the  force  of  resti- 
tution, will  be  e  (x  —  u'). 

Hence  the  whole  velocity  lost  by  m  will  be  (1  -|-  <)  (**  —  ')*  *^^  ^he  whole 
velocity  gained  by  m'  will  bo  (1  -{-  e)  (x  —  u').  The  velocity  of  m  alter  impact 
will  be 

r  =  u  —  (1  -f-  «)  (•»  —  x)  =  X  —  e{u  —  x).  (a) 

The  velocity  of  m'  after  impact  will  be 

t;'  =  u'  -J-  (1  -f-  e)  (x  —  u')  =x  -f  e(x  —  a')-  (*) 

Substituting  the  value  of  x  in  the  formula  (a)  and  {b),  and  redueing^  we 
obtain 

mu  -f-  m'u'        m'e{tt  —  «') 

(«) 


•»  = 


m  -\-  m'  m  -f-  m' 

mtf  -f-  "»'««'        me{u  —  u') 


m  -}-  m' 


+ 


m  -j-  m' 


1^ 


If  the  two  bodies  move  in  opposite  directions  before  impact,  we  most  make 
either  u  or  h'  negative  in  the  preceding  formalse.   If  one  of  the  bodies  if  at  rtti 
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before  impaet,  n'  beeoBMi  Boro.  If  «  =  1,  the  fonnnlaB  repreeent  the  ooaditiou 
of  peifeetlj  elaetiib  bodiee,  sad  if  «  =  0,  the  fonnnliB  will  apply  to  ineleetio 
bodies. 

From  the  preoediDg  formulse  we  may  deduce  the  following  general 
oonclusione : 

1.  If  two  bodies  are  perfectly  elaetie,  their  relative  velocities  before  and 
zfttr  impact  are  the  same. 

Making  «  =  1  in  (a)  and  (fr),  and  subtraoting  the  latter  from  the  former,  we 
have, —  * 

o  —  r*  =  «'  —  «. 

2.  If  the  bodies  are  perfectly  elastic  and  equal,  they  will  interchange 
peloeHies  by  impact. 

Making  m  =  m',  and  e  =-  1  in  (c)  and  {d), 

»  =  J(«  -f  •')  —  i(u  —  u')  =  «'. 
t^  =  i(«  4-  «')  +  i(u  —  «')  =  «. 

3.  By  the  impact  of  bodies,  whether  elastic  or  otherwise,  no  motion  is 
tost. 

Maltipljing  (e)  by  m,  and  (cf )  by  m',  and  adding  and  cancelling  similar  terms, 
we  hare 

in  which  the  first  member  of  the  equation  is  the  sum  of  the  momenta  of  the 
iwo  bodies  after  impact,  and  the  second  member  the  sum  of  their  momenta  before 
impact. 

4.  The  velocity  which  one  body  communicates  to  another  at  rest,  when 
perfodly  elastic,  is  equal  to  twice  the  vdociiy  of  the  former,  divided  by  one 
plus  the  ratio  of  the  mcuses  of  the  two  bodies. 

In  formnla  {d)  let  m'  .    nm,    %'  =.  0,    and  e  =  1,  we  shall  then  obtain 

2u 


5.  When  a  body  in  motion  strikes  another  equal  body  at  rest,  both 
bodies  being  perfectly  elastic,  the  first  body  comes  to  a  state  of  rest,  and 
ike  second  Jlies  off  with  the  premous  velocity  of  the  first. 

If  the  two  masses  are  equal,  r       1  in  the  last  formula,  and  v'  =«. 

Soholinin. — If  a  serieB  of  perfectly  elastic  balls  are  arranged  in  a 
line,  and  all  are  in  contact  before  impact,  except  the  first,  which  is 
made  to  strike  against  the  second,  all  the  balls  except  the  last  will 
remain  in  contact,  and  at  rest,  after  impact,  and  the  last  will  move  off 
with  the  Telocity  of  the  first. 
16* 
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185.  TranainiABloa  of  Bhoolc  UuonEb  a  Mrioa  of  elmiUo  balta 
Experimental  lUnatiatlon  of  elaatiott;. — If  BSTeral  equal  aorj 
balla  ore  suspeuded,  u  Bboirn  in  fig.  IBS 

132,  when  1  ii  drawo  bock  b 
let  fall  agaiDst  2,  onlj  the  U 


I,  7,  wUl  » 


;  this  will  B 


with  the  velocity  which  1  had  at  the 
instaol  of  Btrikiag  against  2,  and  it 
will  flj  off  to  the  positioD  b,  at  a  di»- 
taooe  equal  to  the  limit  to  which  the  first  had  bwn  drawn  back ;  it  will 
then  retura  striking  against  G,  which  will  again  be  Wt  in  motion,  all 
the  others  remaiaiog  at  rest.  This  alternate  movement  of  the  eitcem* 
balls  of  the  series  will  continue  until  friction,  and  the  resistance  of  tbm 
air  conspiring  with  tlie  sligh U;  imperfect  elasticitj  of  the  balls,  at  length 
causes  the  action  to  cesse. 


Ptoblema. — Elaatioit;  of  Tension. 

H,  A  rectODguliU'  bar  oT  iron  whoso  traDaTarae  sectioD  is  oneiiqaua  esotl- 
Dotn,  mad  whoae  length  ia  threa  fe«t,  »  auapiiidai]  with  its  appcr  eitnmttjr 
attached  to  t.  firm  iuppurt:  nhnt  Height  muit  he  auapcndedstiU  lower  aitramilj 
to  CBnie  ■  lem|)urar;r  elungBlioD  o(  aaa-runrth  of  u  iDcb  whan  Uw  Icmpsratara 
U  li^F.,  fiO"  F.,  212°  ¥,392'  F.7 

Thia  problem  may  bo  eolved  fur  roda  of  an;  of  the  matali  mentioned  in  the 
table  (lai). 

7&.  A  recUDgular  bar  of  hammered  brua  2}  feet  in  length,  aaapended  by  its 
npper  oitremiCy,  aupporta  a  Height  of  lb  kilogrunmea :  how  mnoh  will  it  b* 
temporaril;  elongated  *bcu  the  temperature  la  rsjaed  t 


0  60"  F.  t 


76.  It  ■  beam  10  feet  Ic 
eertaiD  amonnt  of  fleiure 
weight  will  be  required  to 


SlBstlcity  of  Flexnie. 

ohea  wide,  and  B  ii 
eqnal  flexure  U 


77.  What  weight  auapended  a 
reqnired  to  produce  ao  eqna)  a 
both  endi  7 


and  9  inchea  in  depth  F 


:  of  aoiur 
TAnaclt;. 


<  whan  1 


7B.  How  nian;  ponnds  weight,  anspeDded  b;  a  strnl  wir*  beogtaig  TertiosUj, 
will  be  required  to  breaii  It  when  the  wire  i>  one-fourth  of  an  inoB  in  diuBetwT 

TB.  In  a  pendulum  experiment,  it  ia  required  to  suspend  a  wslgbt  of  M  lb*, 
hj  *  copper  wire.  Wbiit  must  be  the  diameter  of  the  wii^  wben,  fbr  &»  saha 
uf  security,  }  is  deducted  from  its  atrength  u  giTea  bj  tha  tablef 

Trans  Ten  e  StrenEtta. 
SO.  If  ■  beam  of  oak,  II  Inches  wide  by  9  ioches  in  depth,  prqjeat*  M  IM 
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from  a  wall  in  which  it  ia  seenred,  what  weight  suspended  at  the  end,  as  in  fig. 
128^  will  be  required  to  break  it,  no  account  being  taken  of  the  weight  of  the 
beam  itself? 

81.  What  weight  will  be  required  to  break  a  cylinder  of  cast  iron  25  feet  long, 
having  an  external  diameter  of  2  feet,  and  an  internal  diameter  of  20  inches,  the 
weight  being  supported  at  the  extremity  ? 

82.  What  weight,  placed  at  the  centre  of  the  greater  span  of  the  Britannia 
Tubular  Bridge,  would  be  required  to  break  it,  calling  the  breadth  of  the  tube 
17  feet,  height  30  feet,  ealculating  for  a  single  thickness,  |  of  an  inch  of  plate 
iron,  and  estimating  the  tenacity  equal  to  a  force  of  60,000  lbs.  to  the  square 
inch? 

83.  Deducting  from  the  weight  found  in  the  last  problem,  the  weight  jf  one- 
balf  the  length  of  tube  spanning  the  greater  opening,  and  estimating  the  work- 
ing load  as  \  the  breaking  weight,  how  beary  a  train  might  safely  cross  the 
Britannia  Bridge? 

84.  How  heayy  a  train  may  safely  cross  the  Victoria  Bridge  (172),  if  the 
thickness  of  the  tube  at  the  centre  is  ^  an  inch,  and  if,  disregarding  the  weight 
of  the  tube  itaelf,  the  train  is  limited  to  \  the  absolute  tenacity  of  the  structure? 

85.  What  weight  can  be  sustained  at  the  middle  of  the  strongest  rectangular 
beam  that  can  be  sawn  from  a  birch  log  2  feet  in  diameter,  and  30  feet  long, 
reckoning  the  weight  of  the  timber  nine-tenths  that  of  water? 

Impact  of  Elastic  Bodies. 

8A.  Two  glass  spheres  weighing  12  oz.  and  7  oz.  respectiTcIy,  move  in  the 
same  direction  with  velocities  of  8  feet  and  5  feet  in  a  second.  Find  the  respec- 
tive velocities  of  the  two  balls  after  impact,  and  their  common  velocity  at  the 
instant  of  greatest  condensation. 

This  problem  may  be  varied  by  substituting  for  glass,  balls  made  of  each 
•abstance  whose  degree  of  elasticity  is  given  in  the  table  (183). 

87.  A  perfectly  elastic  body  m^  moving  with  a  velocity  of  12,  impinges  on 
another  perfectly  elastic  body,  m',  moving  in  the  opposite  direction  with  a  velo- 
city of  5 ;  by  impact  m  loses  one-third  of  its  momentum.  What  are  the  relative 
weights  of  the  masses  m  and  m'  ? 

88  A  body,  w  (=  3iii'),  impinges  on  m'  at  rest.  The  velocity  of  m  after 
impact  is  }  of  its  velocity  before  impact  Required  the  value  of  r,  the  modulus 
of  elastici^. 

89.  Two  bodies  m  and  m',  whose  elasticity  is  },  moving  in  opposite  directions 
with  velocities  of  25  and  26  feet  per  second  respectively,  impinge  directly  upon 
each  other.     Find  the  distance  between  them  4^  seconds  after  impact. 

90.  A  number  of  perfectly  elastic  balls  are  placed  in  a  right  line.  The  first  If 
made  to  start  with  a  given  velocity ;  determine  the  ratio  of  the  balls  so  that  its 
momentum  may  be  equally  divided  among  the  remainder. 

91.  An  elastie  ball  falls  from  a  height  of  40  feet.  How  high  will  it  rebound, 
supposing  that  one-fifth  of  the  final  velocity  is  lost  at  the  impact  in  consequence 
of  imperfect  elasticity  ? 

92.  An  ivory  ball  falls  from  an  elevation  of  100  feet  With  what  velocity  must 
another  similar  ball  be  projected  upward  in  the  same  vertical  line,  that  after 
the  two  balls  meet»  the  first  ball  may  return  to  the  same  elevation  from  which 
it  feU  7 
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CHAPTER  III. 

OF  FLUIDS. 

HTDRODTNAMICS. 

2  1.   Hydrostatics. 

I.    DISTINGUISHINQ    PROPERTIES  OF   LIQUIDS. 

186.  Definitions. — Flaids — Hydrodynamics. — Fluids  are  bodies 
in  which  the  attractive  and  repulsive  forces  (146)  arc,  Ist,  either  in  per- 
fect equilibrium,  producing  liquids  or  inelastic  fluids ;  or  2d,  in  which 
the  repulsive  force  holds  sway,  producing  gcues  or  elastic  fluids. 

Hydrodynamics  treats  of  the  peculiarities  of  state  and  motion  among 
fluid  bodies,  both  liquids  and  gases  (15).  It  is  subdivided  into  hydro- 
statics, or  fluids  at  rest,  and  hydraulics,  or  fluids  in  motion. 

187.  Mechanical  condition  of  liquids. — Liquids,  owing  to  the 
slight  cohesive  attraction  among  their  particles,  possess  no  definite  form, 
but  adapt  themselves  to  the  shape  of  the  containing  vessel.  This  is  a 
necessary  consequence  of  the  perfect  freedom  of  motion  among  the  par- 
ticles of  a  liquid.  Liquids  vary  very  much,  however,  in  the  degree x>f 
their  fluidity,  as  between  thin  mobile  liquids  like  alcohol  or  water,  and 
thick,  viscotis,  bodies  like  oils  and  tar.  In  viscous  bodies,  the  imperfect 
fluidity  is  a  consequence  of  the  only  partial  ascendency  of  the  repulsive 
force,  leaving  still  a  notable  amount  of  cohesion  among  the  particles. 
Heat  servea  to  increase  the  repulsive  force,  and  so  converts  viscous  into 
thin  liquids. 

Liquids  and  gases  are  conveniently  distinguished  as  non-elastic  and 
elastic  fluids,  but  this  distinction  is  not  absolute,  since  all  liquids  possess 
some  elasticity,  more,  usually,  than  belongs  to  the  solid  state  of  the  same 
bodies. 

188.  Elasticity  of  liquids. — Compressibility. — ^We  have  already, 
in  sec.  21,  illustrated  the  compressibility  of  water.  The  researches 
of  Canton,  in  1761,  Oersted,  in  1823,  and  others  of  later  dates,  have 
proved  that  all  liquids  are  slightly  compressible.  The  piezometer 
(Hieica,  to  prcss,  and  fitrpovt  a  measure)  is  an  instrument  designed  lo 
measure  the  compressibility  of  liquids.  Oersted's  apparatus,  fig.  133, 
consists  of  a  strong  glass  cylinder ;  twenty-four  or  twenty-five  inches 
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in  height,  monDled  on  a  Btand :  the  upper  p^rt  ii  ftccamtelj  cloned  b;  a 
brmsa  cap,  through  which  pusea  the  funnel  lube,  R,  to  Buppl;  the  vesael 
with  wWar,  ttad  a.  cylinder,  furnished  with  a  piiton,  moving  by  tha 
•erew  P.  In  the  interior  ia  %  teasel  A,  coDt&ining  the  iiquid  to  b« 
compresaed,  having  a  capillary  tube  at  it<  upper  part,  which  bends  and 
deflcenda  to  th«  mercury  0,  contained  in  the  Inwer  part  of  the  TCMel 
Thia   opilUry  tube   is   subdivided   into  I3S 

«qual  parte,  and  the  Damber  of  these 
parta  the  TCmel  A  can  coutaiu,  is  accu- 
rately determined.  There  is  also  in  the 
interior  of  the  cylinder,  a  tub«  of  gluss. 
B,  fnrobbed  with  a.  gredoated  scale.  C ; 
tfaia  tabe  ia  closed  at  its  upper  end,  and 
has  its  lower  end  immersed  in  the  mer- 
cury, 0.  This  tube  is  oiled  a  man'f- 
meter  (280),  and  is,  when  at  rest,  nearly 
filled  with  nir. 

In  drder  to  uperimeot  with  Ehis  ftppftntna, 
■II  the  TBUcI,  A,  •ritb  tba  liquid  to  b«  com- 
prmed,  ud  bj  muni  of  Ih<  rDDncI,  R,  fltl 
tbe  ejlinder  with  mmtti^  h&TiDg  prftTiDualj 
pUosd   nwrcary  in   it«   lowtr    fit-     Turning 


ala*a£ioo  abom  the  unoDDt  of  prEi^ure ;  si 
tl»  Bnu  time,  the  mercaiT  riiea  in  Ibe  rspil- 
lU7  tabe,  and  gi^tM  the  meunre  ot  tbe  com- 

Sapposing  each  division  of  the  cnpillary 
tube  held  but  a  millionth  part  as  mnch  aa 
tbe  vessel  A,  then  if  the  liquid  to  be  com- 
pressed was  water  [at   the   pressure  of  one  atmosphere),  we  should 
ob«erTe  Uie  mercury  to  rise  between  49  and  SO  divisiona. 

There  is  one  correction  to  be  made  in  tbe  observntions  obtained  by 
this  instrument ;  it  might  be  supposed  that  the  capacity  of  A  would  he 
invariable,  the  exterior  and  interior  walls  being  compressed  equally  by 
the  liquid,  bat  it  is  not  so;  the  interior  capacity  of  the  vase  underguos 
the  awne  diminution  as  woald  a  body  of  glass  of  the  same  form  and 
volane,  submitted  to  tbe  same  pressure.  This  diminution  amounti 
to  about  33  ten  milliunths  (Tt.tjj.igj),  of  the  primitive  volume,  f<i( 
Mcb  atmosphere  of  pressure. 

This  quantitT  can  be  calculated  in  any  case,  as  well  for  glass  as  foi 
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copper  and  brass  (the  three  materials  used  in  the  improyed  pieKometer 
of  Regnault),  from  the  known  elongation  of  rods  of  these  substances 
at  the  same  tension,  according  to  the  laws  of  Wertheim  (160).  M. 
Grassi  (Ann.  de  Chimie  et  Fhys,,  3'  S^rie.  Torn.  XXXI.,  p.  437)  has 
lately  revised  the  results  of  Oersted,  Canton,  and  of  Messrs.  Golladon  and 
Sturm,  on  a  great  number  of  liquids,  and  at  different  temperatures. 
The  compressibility  of  water  diminishes  with  increasing  temperatures. 
On  the  other  hand,  heat  increases  the  compressibility  of  alcohol,  ether, 
chloroform,  and  wood  spirit. 

Salt  or  sulphuric  acid  diminishes  the  compressibility  of  water  in  pro- 
portion to  the  quantity  dissolved,  but  for  a  given  density  these  solu- 
tions obey  the  same  order  as  pure  water. 

Qrassi's  principal  results  are  given  in  the  following  table,  the  com- 
pressibility being  parts  in  a  million  at  a  pressure  of  one  atmosphere : 


LlqaidaoMd. 

Tcmperatare. 

CompresalblUiy. 

1 

pharM  cnplojvd. 

Mercury, 

Water, 

Do 

Do 

Ether,       

Do 

Alcohol, 

Do 

Wood  spirit,       .    .    . 

Chloroform,  .... 

Do 

32°  F. 

32° 
77° 
128° 
32° 
57° 
45° 
56i° 
66° 
47° 
54° 

0-000,002-95 

0-000,050-3 

0000,045-6 

0-000,0441 

0000,111-0 

0-000,140-0 

0-000,082-8 

0000,090-4 

0-000,091.3 

0-000,062-5 

0000,064-8 

8-408 
1-580 
2303 

1-570 

• 

1-309 

It  appears,  that  of  all  liquids  tried,  mercury  has  the  least,  and  ether 
the  greatest,  ratio  of  compressibility.  The  pressures  were  carried  to 
the  great  extent  of  220  atmospheres. 

Elasticity. — It  is  hardly  requisite  to  remark  that  the  return  of  com 
pressed  liquids  to  their  original  bulk,  on  removal  of  pressure,  is  proof 
9f  an  elastic  force  in  them  equal  to  their  ratio  of  compressibility 

Consequences. — It  follows  from  what  has  been  said, — 

First  That  the  molecules  of  liquids,  owing  to  the  entire  freedom  of 
motion  among  themselves,  are  in  equilibrium. 

Second,  That  liquids  possess  perfect  elasticity,  and  a  slight  degree  of 
oomnressibility. 

Let  as  now  farther  consider  the  necessary  consequences  of  these  mechanioal 
sonditions  of  liquids,  both  independent  of  gravity,  and  also  with  reference  to 
:hat  force. 
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II,  ruNSHissiojf  or  FiiHURi  IN  btquiDs. 

i89.  Iiiqnlcla  traaamit  presaois  sqnally  In  all  dIreatlonB. — 
tiiqitid*  trantmii  in  aU  direetiotu,  and  miih  the  mme  irUenniy,  lit  pra- 
Mirc  eterUd  on  any  point  of  their  ma*t. 

Thia  iiuporteDt  theorem  waa  fint  clearly  anooaDced  b;  B.  Paacal. 
Let  Bg  134  be  a  Teasel  filled  with  a  liquid,  and  fumiahed  with  a  num- 
ber of  eqnal  ojUnden,  Id  each  of  which  is  a  well-fitting  pieCoa.  The 
Teasel  and  liqnid  are  both  assamed  to  be  without  weight,  conBequentlj 
none  of  the  pistons  hare  any  tendency  to  move.  If  preraure  is  applied 
to  tiie  piston  A,  it  will  be  forced  inwards,  and  the  other  piitons  B,  C,  D, 
and  E,  of  equal  area,  will  each  be  forced  oatwards  with  the  same  prea- 
aare,  so  that  if  tiie  pistoti  A  waa  pressed  inwards  with  a  force  of  one  pound, 
it  would  ba  found  necessary  to  apply  a  force  1^4 

of  one  povnd  to  each  of  the  other  pistons, 
in  ordar  to  keep  them  in  their  place.  If 
the  area  of  B  andC  was  two  or  three  times 
that  of  A,  then  the  prcHare  upon  them 
would  be  two  or  three  times  as  great.  We 
cannot  perfectly  demonstrate,  that  liquids 
transmit  pressure  equally  in  ail  directions 
(because  we  cannot  obtain  for  experiment, 
as  would  be  necessary,  liquids  without 
weight,  and  lustons  working  without  fric- 
tion], but  thftt  this  pressure  is  exerted  in  all  direcUons,  is  slmwn  by  the 
aimfile  appaiataa,  fig.  135,  consisting  of  a  oylinder,  fiirnislted  with  a 
piston  and  terminated  by  a  sphere ;   on  this  l-ts 

sphere  ar«  placed  small  tnbes,  jutting  out  in 
all  direotiDns;  npon  filling  the  sphere  and 
oylinder  with  water,  and  pressing  upon  the 
piston,  tho  water  is  forced  ont  from  each  of  the 
jets  with  equal  energy.  This  is  a  neoeasary 
oonseqaenoe  of  the  mechanical  constitntion  of 
liquids  (187). 

Let  A  leproaent  the  area  of  any  portion  of 
the  inneranr&eaof  BTenel,  and  J' that  of  any 
other  portion  of  the  same  vesael,  while  P  and 
P"  are  the  prsesnrea  exerted  on  these  snrfacse 
respeotiTdy  by  any  fijree  of  eompreesion 
the  Itqnid,  and  we  have 

P:F'=A:A'. 

It  also  fitllowa  that  this  expression  represents  correctly  the  pressure 
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oierted  on  ntij  sulid  bodjr  plunged  io  the  liquid,  ns  well  u  Tor  anj  part 
or  the  aectionol  area  of  the  liquid  itself.     Hence :  — 

The  entirt  pramure  iiuiained  by  any  gttrfaee  U  prnporlitmal  to  ibi  area, 
"  and  thus,"  suya  Pasuul  in  hU  TrtatUe  on  the  Equilibrium  of  FInidt, 
it  appeurs  that  a  Tessal  full  of  water  is  a  new  Principle  in  Mechanics, 
BDil  a  new  Machine  which  will  multiply  force  to  any  degree  we  olioiise." 
Pascal  also  referred  the  equilibrium  iif  fluids  to  the  principle  of  virtutil 
velooitles  which  re);ulateB  the  equilibrium  of  other  muchineH  (105). 

190.  The  Bramah  Hydroatatio  Ptcbb. — This  powerful  nppamlm 
depends  upon  the  principle  just  OJinounced.  US 

Want  uf  giiud  workmanship  alone  prevented 
PBSoal  from   realising  his  conception  of  this 
machine   (in    1653],  as  was  long  afierwards   I 
(a.d.  179G),  done  by  Brnmah,  at  London. 

As  the  foL-m  of  the  vessel  has  no  influe 
on  the  equal  tranamission  of  presnurea,  and   I 
L   of    force    may   be  I 


9   point  of    opplic 
situated  I 
press,  it  is  plain  that  the  n 
tills  principle 
may  be  to  the  larger  i 


diat. 


e  from  the  J 


:hAniaiao  ct 
ea  deninnil. 
»  1  :  20,  anil 


I3fi,  the  piston  a 
lire  of  one  pound 


exerted  on  a  w! 
any  preasure  e 
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Tbe  auuB  puis  of  the  BnuDOAh  hydrosUtie  press,  fig.  137,  consist  of  a  sfnall 
forcing-puap.  A,  in  which  is  a  piston  worked  bj  n  lever.  This  pomp  eommani- 
eales  with  n  Urge  and  strong  cylindrioU  resenroir,  B,  by  a  tabe  indicated  by  the 
dotted  lines  in  the  figore.  In  this  cylinder  a  water-tight  piston  moves,  bearing 
at  its  upper  end  a  fiat  metallic  plate,  between  which  and  the  top  of  the  frame, 
D,  tha  snbstanee,  M,  to  be  compressed,  is  placed. 

The  cylinders  are  filled  by  means  of  the  curved  tube  H,  one  end  of  which 
rests  in  a  vessel  containing  water,  or  oil,  the  other  terminates  in  the  barrel  A, 
and  has  a  valve  at  its  end  opening  upwards.  This  valve  opens  when  the  piston 
is  nised,  thns  drawing  in  water,  and  closes  when  the  piston  descends.  By 
working  the  piston,  the  barrels  A  and  B  are  completely  filled  with  water.  The 
orifiee  O  is  in  connection  with  a  stop-cock,  by  which  the  water  can  be  drawn 
oflT  when  the  pressore  is  to  be  reduced. 

If  tha  cylinder  B  has  an  area  of  200  square  inches,  and  the  small  cylinder  an 
teraa  of  half  a  square  inch,  the  pressure  of  the  water  on  the  piston  above  B,  will 
be  400  times  that  applied  at  the  lever.  But  let  the  arms  of  the  lever  be  to  each 
as  one  to  fifky,  then  when  a  force  of  fifty  pounds  is  applied  at  the  long 
the  piston  will  descend  with  a  force  of  2500  pounds  (50  X  ^^  =  2500^, 
and  there  will  be  exerted,  theoretically,  a  force  of  1,000,000  pounds  upon  the 
piston  in  B  (50  X  ^0  X  ^<)  =  1,000,000),  or,  deducting  one-fourth  for  the  loss 
oeeasioned  by  the  different  impediments  to  motion,  a  man  would  still  be  able  to 
exert  a  foree  of  750,000  pounds. 

This  enormouB  result  is  gained,  of  course,  very  slowly,  in  accordance 
with  the  well-known  relation  of  power  to  weight  (109). 


US4S  in  tlie  arts. — The  hydrostatic  (often  called  hydraulic)  press  is  of 
extensive  ose  in  the  industrial  arts.  It  is  employed  for  compressing  cloth,  oil- 
cake, piH>er,  hay,  gunpowder,  candles,  vermicelli,  and  for  numerous  other  arti- 
eltf,  to  whieh  the  proper  form  or  condition  is  imparted  by  severe  pressure; 
also  ibr  testing  steam-boilers  and  chain  cables.  The  tubes  of  the  famous 
Britannia  tubular  bridge  over  the  straits  of  Menai  (172)  were  raised  to  their 
plaee  by  nsans  of  powerful  hydraulic  presses. 


191.  PiQMiire  of  a  liquid  on  the  bottom  of  a  ▼easel. — The 
preMSure  aserted  bjf  m  Ugiuid  on  the  horizontal  base  of  a  containing  vessel^ 
is  ImI,  md^pendetU  of  the  shape  of  the  vessel,  and  2d,  is  equal  to  the 
weight  of  a  column  of  this  Uquid,  whose  base  is  thai  of  the  vessel,  and 
whose  height  ei/fluUs  the  depth  of  the  liquid. 

In  a  conical  vessel,  standing  on  its  base  and  filled  with  liquid,  con- 
ceive  any  number  of  horizontal  planes,  dividing  the  contents  of  the 
▼essel  into  a  series  of  frustums,  so  thin  that  each  frustum  may  be 
considered  a  ^linder.  It  is  evident  that  the  pressure  exerted  by  each 
cylindrical  mass  on  its  own  base  is  equal  to  its  own  weight.  But  by 
the  ivinciple  of  Pascal  each  succeeding  section  will  have  to  support 
a  pressure,  as  much  greater  than  the  weight  of  the  superincumbent 
as  the  area  of  its  base  is  greater  than  the  area  of  the  base  of 
16 
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tbat  preceding  it     Hence,  the  base  of  the  conical  Teasel       i3g 
will  support  a  pressure  equal  to  the  weight  of  a  column  of 
water  whose  base  and  height  are  respectively  those  of  the 
yessel. 

Evidently,  from  this  reasoning,  if  the  conical  vessel  is  in- 
verted, or  its  form  is  in  any  way  modified,  the  same  law  holds 
good. 

The  truth  of  this  principle  may  be  experimentally  demon- 
strated by  means  of  the  apparatus  in  fig.  138.  If  this  instru- 
ment is  placed  in  a  liquid,  the  piston  C  is  forced  in  with  a 
pressure  equal  to  the  weight  of  a  column  of  the  liquid,  whose 
base  has  the  area  of  the  piston,  and  whose  height  is  equal  to 
the  depth  of  the  liquid  above  the  surface  of  the  piston. 

To  demonstrate  that  the  pressure  is  independent  of  the  form  of  the 
vessel,  M.  Ilaldat  has  contrived  the  apparatus,  fig.  139.  It  consists  of 
a  tube,  A  B  c,  bent  twice  at  right  angles.  On  A,  may  be  placed  the 
vessels  M  and  P,  of  equal  height,  but  of  difierent  forms.  The  tabe 
A  B  c  is  filled  with  mercury,  which  rises  to  an  equal  height  in  A  and  e ; 
M  is  then  placed  on  A,  and  filled  with  water ;  the  mercury  immediately 
rises  in  c,  to  a  certain  point,  as  a.  We  then  replace  M  by  P,  and  fill 
with  water  to  the  same  height  as  ^^^ 

before.  The  mercury  again  rises 
to  the  point  a,  as  it  did  with  the 
vessel  M ;  it  is  evident  that  the 
pressure  transmitted  to  the  mer- 
cury in  the  direction  A  B,  was  the 
same  in  both  cases,  proving,  most 
conclusively,  that  the  pressure  does 
not  depend  upon  the  quantity  of 
liquid,  for  the  vessels  M  and  P  differ 
greatly  in  capacity.  The  area  of  the 
base  formed  by  the  surface  of  the 
mercury,  and  the  vertical  height  formed  by  the  column  of  water,  were» 
however,  the  same  in  both  cases,  and  upon  these,  as  before  stated,  the 
pressure  depends.  In  the  case  of  a  vessel  having  vertical  walls,  the  pres- 
sure would  be  equal  to  the  weight  of  the  liquid  the  vessel  contained. 

192.  Upward  presBnre. — Having  shown  that  pressure  in  liquids  is 
exerted  from  above,  downwards ;  it  follows,  from  the  law  of  equality 
of  pressure,  that  a  corresponding  force  is  exerted  from  below,  upwards. 
This  pressure  is  made  very  manifest  by  the  buoyancy  experienced  when 
we  plunge  the  hand  into  a  liquid  of  great  density,  as  into  mercury    Iq 
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order  to  demoDstr&te  this  apirard  preMare  experimentaJlj,  ■  tube  of 

^twa  IB  tftkes,  open  at  both  eoda,  Gg.  140,  having  at  the  lower  end  a 

disk  of  glass,  B,  vbich  is  supported  b;  means  of  a  thread  from  ita 

centre:  the  whole  is  then  placed  id  a  teKsel  i^g 

of  water  and  abandoaed  to  it«elf ;   the  disk 

remains  attached  to  the  end  of  the  cjlinder, 

owing  to  the  upward  pressure  of  the  water. 

If  noir  the  interior  tube  be  carefullj  filled, 

the  disk  will   not  fall  un^l  the  level  of  the 

water  within  the  tube  is  nearly  the  same  as 

that  in  the  outer  vessel,  proving  that   the 

upward  pressure  is  equal  to  the  weight  of 

the  interior  column,  and  therefore  that : — The 

vpieard  praMJire,  in  any  vaxel,  m  equal  to  the 

weight  of  a  coiumn  of  liquid  having  the  »ame 

bate  <u   the  cylinder,  A.  and  whom   height 

equtUt  the  depth  of  the  section  bdoa  the  surface  of  the  liquid. 

193.  Preaame  on  the  aides  of  a  veaseL— TAe 
pretture  of  a  liquid  on  ang  portion  of  a  lateral  leall,  it 
equal  to  theweighl  of  a  column  of  liquid,  which  hat  for 
ilt  bate  thit  portion  of  the  tealt,  and  for  itt  height  the 
vertical  dittmee  from  iii  centre  ofgratily  to  the  mrfaee 
of  the  liquid.  Thus,  in  fig.  141.  the  prewure  at  the 
beight,CD,  of  thewallis,  bj  J191,  equal  to  the  weight 
of  the  colnmn  AB,  since  the  pressure  of  this  ia  com- 
mnnicated  laterallj  to  all  the  particles  Ijing  on  the 
same  boriiontal  plane. 

This  lateral  pressure  increases,  of  course,  with  ihe  depth  of  liquid 
the  veasel.     Thus,  in  fig.  142,  the  column  of  liquid  A  C  142 

pressing  with  a  cert«n  force  on  Z,  the  column  E  F 
will  prew  on  O,  with  a  force  as  much  greater,  as  E  F  is 
deeper  than  A  C.  This  maj  be  further  illustrated  b; 
plunging  the  apparatus,  fig.  138,  at  various  depths  and 
in  a  horiioDtal  position,  the  pistoD  will  be  forced  in 
with  a  pressnre  corresponding  to  the  depth ;  also,  if  it 
is  placed  in  an;  positiou  TDtermediate  between  the 
boriiontal  and  vertical,  the  piston  will  be  similarlj 

preesed   in,  tboa  showing  that  pressure  is  eierted  _^^^ 

equally  in  all  directions. 

194.  Pascat'a  axperlment  with  a  oaak. — Pascal  made  a  striking 
flzperiffleat  at  Bonen,  in  1047,  to  illustrate  the  enormous  pressure 
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•zertod  by  *  loftj  ooIiiidd  of  water  coDlaioed  in  a  aniBll  tnb«.  A 
■troiig  CAsk,  filled  vrith  water  and  arruKed  «s  in  Sg.  143,  wm  <itt«d 
with  B  small  tube  about  fort;  feet  bigb.  Wbeo  tbia  tube  wu  filled 
witb  water,  the  effeut  of  the  pressure  tranamitled  to  all  parte  of  Iha 
ctwk  wai  aaHEaieut  to  burat  the  vessel. 


f 


Jl^ 


195.  The  water  bellows,  or  bydioatatli)  paiadox. — Tbia  familar 

eiperiment  ia  only  a  modification  (in  furm)  of  Fucal'a  cask. 


boudFi 


irilb  tfao  ii 


ind  fill,  lika  tbg  < 
of  Uie  I 


The 


BCudBS,  cos- 
ier that  the  appar 
mbe  T  E  commnni- 


Snppoiing  tfae  tuba  to  bare  a  eroM 
■ection  of  one  equftn  incb,  and  th«  top  of  tb*  bellows  to  baTS  a  •nrfare  of  IM 
»qau«  inches,  one  pooud  of  water  in  the  tube  wonld  lift  100  pouadi  dd  ths  bcl- 
loKS,  tbe  woight  of  Iho  waler  acting  with  ■  preiiuro  eqail  to  ona  ponnd  an  aatb 
tqnaro  inch  iif  (be  surface.  Tbe  preaiura  it  propoTtloned  to  the  belgbt  of  tb* 
column  of  water ;  far  if  we  uie  a.  tmaller  (obe,  for  the  same  balk  of  fluid,  Iba 
height  of  tbe  colamD  of  water  witl  be  greater,  end  will  raiee  a  greater  w'igbit 
if  Ihu  tube  be  larger,  tbe  column  will  not  be  id  high,  and  will  not  raise  so  large 
a  weight 

1D6.  Total  preuore  on  tbe  walla.— In  ^le  veaael  ABCD   6g. 
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145,  divide  the  side  A  B  into  10  equal  parts.  Supposing  the  pressure 
mt  1  to  be  one  pound,  then  the  pressure  at  2  would  be  two  pounds, 
«l  3  three  pounds,  Ac.,  as  the  intensity  of  the  pressure  increases  directly 
with  the  depth.  The  average  intensity  of  pressure  would  be  found  at 
the  5th  division  (or  a  point  midway  between  the  1st  and  10th],  and  the 
total  pressure  on  the  walls  would  be  the  same  as  if  it  sustained  the 
average  intensity  over  the  whole  lateral  surface,  and  therefore  the  total 
pressure  upon  a  wall  of  such  a  vessel,  is  equal  to  the  toeight  of  a  column 
tfihe  liquid  whose  base  is  equal  to  the  area  of  the  side,  and  whose  height 
is  equal  to  one-half  of  the  depth  of  the  liquid 
in  the  vessel.  This  is  true,  whether  the  vessel 
be  vertical  or  inclined  in  any  direction.  In 
the  case  of  a  cubical  vessel,  this  pressure  on 
one  side  would  be  equal  to  one-half  the 
weight  of  the  liquid  contained  in  the  vessel. 

Total  preasore  on  the  bottom  and  sides  of  a  vessel. — The 
total  pressure  exercised  on  the  bottom  and  sides  of  a  vessel,  is  much 
greater  than  the  weight  of  the  liquid  contained  in  the  vessel.  In  the 
case  of  a  cubical  vessel,  the  pressure  exerted  on  the  bottom  is  equal  to 
the  whole  weight  of  the  liquid  (191),  the  pressure  exerted  on  each  side 
t>eing  equal  to  half  the  weight  of  the  liquid  on  the  four  sides,  it  is  equal 
to  twice  its  weight,  consequently,  in  a  cubical  vessel  the  entire  pres- 
sure  exerted  on  the  bottom  and  sides  is  equal  to  three  times  the  weight  of 
the  contained  liquid. 

Table,  §howing  the  pre/umre  in  pounde,  per  square  ineh,  and  eqnare/ooif  produced 

by  water  at  varioua  depthe. 


DtpthfailiMi. 

PrcHiire  p«r  MiaArc  laeh. 

Prenore  per  sqiwrc  foot. 

1 

8*4328 

623232 

2 

0-8656 

124-6464 

1-2984 

186-9696 

1-7312 

249-2928 

2-1640 

311-6160 

2-5068 

373-9392 

3-0296 

436  2624 

3-4624 

498  5856 

8-8952 

560  9088 

10 

4-3280 

623-2320 

By  aid  of  Uie  above  table,  the  pressure  of  water  on  any  surface  of  a  vessel 
oont<ainii:g  it,  can  be  determined.  As,  for  example,  the  pressure  of  water  on  a 
aqnare  foot,  at  the  bottom  of  a  vessel  twenty-three  feet  in  depth ;  at  two  feet» 
tb«  prMflvre  is  124-6404;  at  twenty  feet,  ten  times  as  mnch;  =r  1246-464;  at 
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three  feet,  186-9606,  and  1246-464  -f  186-0696  =  1433-4336,  the  pressure  of  w»l«r 
CD  a  square  foot  of  surface,  at  a  depth  of  twenty-three  feet. 

That  the  pressure  produced  at  great  depths  is  really  immense,  can  be  s hvwu 
by  oonfining  a  piece  of  wood  at  groat  depths  in  the  sea.  The  pressure  tvrsti 
the  water  into  the  pores,  so  that  it  will  not  be  capable  of  floating  afterwards. 
A  bottle,  the  body  of  which  is  square,  if  tightly  corked  and  lowered  into  Uie 
sea,  will  be  broken  by  the  pressure.  If  the  body  of  the  bottle  is  strong  and 
cylindrical,  the  cork  will  be  forced  in.  Below  a  certain  depth,  dirers  eannot 
penetrate,  and  the  same  may,  perhaps,  be  true  of  fishes. 

197.  The  centre  of  pressure  apon  any  surface  immersed  in  a 
fluid  is  the  point  of  application  of  the  resultant  of  all  the  pressures 
acting  upon  it. 

If  the  pressure  of  a  fluid  upon  an  immersed  surface  were  the  same 
at  all  depths,  the  centre  of  pressure  would  be  at  the  centre  of  gravity 
of  the  surface.  But  as  the  pressure  increases  with  the  depth,  the  centre 
of  pressure  will  always  be  below  the  centre  of  gravity. 

The  centre  of  pressure  in  an  immersed  surjace,  or  in  the  Me  of  a 
vessel  containing  a  fluid,  is  a  point  to  which  a  force  equal  and  oppoiite 
to  the  restdtant  of  all  the  pressures  must  be  applied  to  keep  the  surface  at 
rest. 

The  position  of  this  point,  for  various  regular  surfaces,  has  been 
determined  by  the  calculus. 

The  centre  of  pressure  of  a  rectangular  surface,  vertically  or  obliquely 
immersed,  so  as  to  have  one  side  in  the  surface  of  the  liquid,  is  in  a  line 
joining  the  centres  of  the  superior  and  inferior  bases,  and  at  a  distance 
from  the  inferior  base,  eqtial  to  one-third  the  height  of  the  rectangle. 
In  fig.  146  the  point  C,  in  the  line  A  6,  distant  from  B  one-third  of 
A  B,  is  the  centre  of  pressure. 


9 

T                                         148 

A                        ^ 

14 

6 

/l\  \ 

J 

.  / 

C 

/ 

/ 

t 

B                                        1 

r 
1 

When  the  immersed  surface  is  a  triangle  having  one  side  horiiontal, 
and  the  apex  in  the  surface  of  the  fluid,  the  centre  of  pressure  is  in  a 
line  joining  the  apex  and  the  centre  of  the  horizontal  base  at  a  distance 
from  the  centre  of  the  base  equal  to  one-fourth  the  bisecting  liDe. 
The  centre  of  pressure  in  the  triangle,  fig.  147,  is  at  c,  distant  from  B 
one-fourth  of  the  line  A  B. 

When  the  base  of  the  triangle  lies  in  the  surface  of  the  fluid,  the 
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eentre  of  pressare  \b  midway  between  the  apex  and  the  centre  of  the 
base,  as  at  e,  fig.  148,  which  is  equidistant  between  A  and  B. 

198.  Preasnrea  vary  as  the  specific  gravities  of  liquids. — Tioo 
liquids  press  on  the  same  area  and  ai  the  same  depths  directly  in  the  ratio 
oftkeir  specific  gramiies.  We  have  seen  (191)  that  the  pressure  exerted 
on  the  base  of  a  Teasel  having  vertical  walls  is  equal  to  the  weight  of 
the  liquid  the  vessel  contains.  Plainly,  therefore,  the  pressures  exerted 
oo  the  base  of  two  equal  vessels  filled  with  equal  volumes  of  liquid  of 
unlike  density  will  vary  directly  with  their  specific  gravities ;  or  repre- 
MDtiog  the  pressures  in  the  two  cases  by  P  and  P^,  and  the  specifio 
gravities  by  (Sp.  Gr.)  and  (Sp.  Gr.)'',  we  have 

P:  P'  =  (Sp.  Gr.)  :  (Sp.  Gr.y 

III.    BQUILIBRIUM  OF  LIQUIDS. 

199.  The  conditions  of  equilibrium  in  liquids. — The  joint  effect 
of  gravitation,  and  of  the  perfect  mobility  of  the  particles  of  a  liquid,  is : — 

1.  Thai  the  surface  of  a  liquid  at  every  point  must  be  perpendicular  to 
the  direction  of  gravity,  i.  e.,  U  must  be  horizontal  or  level. 

This  principle,  first  distinctly  enunciated  by  Archimedes,  follows  from 
the  nature  of  gravitation,  which  acting  on  a  body  free  to  move,  causes 
its  eentre  of  gravity  to  descend  as  low  as  possible.  It  is  only  when  the 
surface  is  horizontal  that  all  the  particles  of  the  fluid  mass  are  equally 
solicited  by  the  force  of  gravity. 

The  inequalities  of  the  solid  surface  of  the  earth  exist,  because 
eohesion  is  opposed  to  gravitation.  Otherwise  the  mountains  would 
sink,  and  the  valleys  rise,  until  the  whole  mass  had  a  uniform  level. . 

By  this  principle  a  surface  of  water  is  perfectly  horizontal  only  when 
its  area  is  so  limited  that  the  direction  of  the  149 

finrees  of  gravity  can  be  regarded  as  parallel  at 
each  point.  If  an  observer  is  stationed  at  0,  fig. 
149,  and  0  A  is  one  mile,  the  subtense  of  curva- 
ture (AB  or  D£)  is  eight  inches.  But  00  and  BG 
are  Ihies  perpendicular  to  the  points  0  and  B,  and 
are  therefore  plumb  lines  (60),  and  hence  the  surface  E  0  B  is  a  spheri- 
eal  sorlaoe.    In  other  words,  we  reach  the  more  general  principle : — 

Thai  the  resuUani  of  all  the  forces  acting  ai  any  point  on  the  surface 
of  a  liquid  mass,  when  in  equilibrium,  must  be  normal  to  the  surface  ai 
Ikai  point. 

It  follows  from  this  again : — 
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2.  That  every  liquid  mass,  when  in  equilibrium,  can  be  considered  as 
made  up  of  an  infinite  number  of  very  thin  layers,  sustaining  at  aU 
points  the  same  pressure,  and,  at  each  point  of  surface,  normal  toaUtke 
forces  there  acting. 

200.  Eqailibriam  of  liqoidfi  when  freed  from  the  inflnenoe  of 
gravity. — It  follows,  as  a  consequence  of  the  last  principle,  if  ft  mass 
of  liquid  is  freed  fVom  the  influence  of  gravity,  and  abandoned  undis- 
turbed to  its  own  molecular  attractions,  that  it  will  assume  a  spherical 
figure ;  since  then  the  sphere  is  the  only  form  which  can  satisfy  the 
conditions  of  equilibrium.  This  theory  is  most  beautifully  demon- 
strated by  a  celebrated  experiment  called — 

The  experiment  of  Plateau,  who  conceived  that  the  influence  of 
gravity  might  be  avoided  by  suspending  a  mass  of  oil  in  alcohol, 
diluted  to  exactly  the  density  of  the  oil.  This  conception  is  perfeodj 
realized  by  experiment.  By  care  and  certain  precautions  to  secure 
clearness  in  the  liquids,  a  considerable  sphere  of  oil  may  be  suspended 
in  any  part  of  the  alcoholic  mixture,  and  by  a  wire  arranged  to  rotate 
as  an  axis,  and  about  which  the  sphere  of  oil  readily  arranges  itself, 
the  oblate  figure  of  the  earth,  the  appearance  of  satellites,  or  even  the 
rings  of  Saturn,  may  be  imitated  in  a  most  instructive  and  striking 
manner. 

The  spherical  form  of  drops  of  rain  or  dew,  and  the  globular  drops 
of  mercury,  are  referable  to  the  conditions  of  fluid  equilibrium. 

201.  Equilibrium  of  a  liquid  in  oommunloating  ▼eflselft. ^If 

two  or  mure  vessels  communicate  with  each  other,  the  liquids  in  both 
or  all  the  vessels  stand  at  the  same  level.  This  law  rests  upon  the  fact* 
that  the  pressure  of  liquids  at  equal  depths,  150 

is  equal  in  all  directions.  If  the  fluid  stands 
at  a  higher  level  in  one  vessel  than  the  other, 
the  particles  of  the  former  exert  a  greater 
lateral  pressure  on  the  channel  of  communi- 
cation than  the  other  can  ;  these  particles  are, 
therefore,  continually  pushed  upwards,  until 
they  exert  an  equal  and  opposite  pressure, 
which  obtains  when  the  columns  are  at  an 
equal  height.  The  effect  is  the  same,  what- 
ever may  be  the  size  and  number  of  the  ves- 
sels. Fig.  150  represents  a  number  of  vessels 
of  different  shapes  and  capacities,  connected  with  ft  common  reserroiri 
if  we  pour  water  into  one  of  them,  it  will  rise  to*the  same  height  in 
the  other  vessels. 
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202.  Bqnilibilam  of  Uqolda  of  dlflerant  danalUea  In  eomniTi- 
aieatlng  Te«iel«. — Whea  two  liqnidi  of  different  densities  ore  placed 
io  cominaiiicBtiDg  TegselH,    their   lurfocea  IM 

irill  not  reat  Kt  the  same  point  or  level ; 
fir  m  eonnuinieating  tWftcb,  lie  heighU 
of  lie  liquid  columnt  are  tn  the  inrerse 
ratio  of  lAe  y>eei/ie  graeUia  of  tht  liquid*. 

If  mercnij  i»  Snit  ponred  into  the  lower 
part  of  the  apparatus,  Gg.  151,  and  the 
tnbe  AB  is  then  filled  with  water,  this 
liquid  will  esert  a  pressure  on  the  mercary, 
Monng  it  to  be  depressed  in  A  B,  and  to  rise 
in  the  other  tube.  Measuring  the  height 
of  the  columns  of  mercury,  C  D,  and  wHter, 
AB,  which  are  in  equilibrium,  [lie;  will 
be  fband  lo  be  •■  1  to  13-59.  These  num- 
beta  repreaeat  the  densities  of  water  aud  mercurj. 

DAmoiiatratioii. — I^t  S  nprewot  tiia  larTaM  of  tbe  msrenrj  at  B,  ud  It 
b«  tbe  hsight  of  the  coIddd  of  w>l<r,  B  A,  afld  Sp.  Or.  thg  (pMific  gr*rit;  uf 
wat«;  then,  b7  J  IBS,  the  pnuan  on  the  nufiwe  is  P  =  S  H  {Sp.  Or.)  for  the 
mIddd  at  «atar,  tod  tor  tbe  mereorj,  C  D,  It  ii  P"  =^  S"  B"  [Sp.  Or )'  Bat 
by  }  180  eqnilibriam  eu  obtuD  odI;  wbea  Ihe  prumraa  exerted  on  B  and  C 
are  pTi^wTtianal  to  the  area  of  tboie  inrfuei,  or  wber«  P  :  P"  :^  S  :  S.  Sub- 
(tUatinc  tbe  Talu*  of  P  and  P",  it  rollovs  that 


'..)  -  I 


h.y 


B:B'  =  {Sp.  Or.y  :  (Sp.  Or.) 

In  other  cord),  tbe  coIudidi   are   in  equilibriom  wbon   t 
bramly  aa  their  ipecifle  graritiu,  wbieh  WM  to  be  piOTed. 

a03.  TbD  aplilt  level. — Since  b;  }  199  the  surface  of  a  liquid  at 
rMt  ia  aiwajB  horiiontal,  we  have  thereby  a  ready  meaas  for  determin- 
ing tbe  honiontal  liue  b;  aBe  of  tbe  ipirii  level.  This  inatrumeot  is  a 
^aaa  tube,  AB,  fig.  152,  very  slightly  curved  upwards,  nearly  filled 
with  alcohol,  hermetieally  152 

■Mled  ud  sheathed  in 
bnui,  C  D.  Tbe  small 
bobble  of  air,  H,  always 
riMa  to  occupy  tbe  faigb- 
wt  point  of  tbe  apparatas.  | 
The  base  ia  carefully  ad- 
joated,  so  that  only  when 
tbe  instmin%nl  is  placed  faorliontally,  < 
»entre,  at  a  fls«d  mark. 
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204  Arteaian  wells. — All  springs  and  TuUDtaiiis  are  eiample* 
of  tlie  lawn  ul  equilibriuiQ  of  liquiilA  in  comniunioaling  vcsseli. 
Among  eiuiilar  plicnoinena.  arlcsiao  welle  are  th«  aumt  remark*- 
ble  eioniples.  Tiiese  are  trtilU  (nnnied  artesiiui  from  the  aiicieot 
proTino^  of  Artois  in  FraDce,  where  they  were  early  made,  BlUiough 
known  lung  befure  in  China),  bored  into  the  enrth's  crust,  often  to  a 
great  depth.  The  crust  of  Uie  earth  cauHisU  ofl^n  of  various  bode  or 
•triita,  Bonie  pervious  to  water  like  sandBtones,  and  others,  like  elaj, 
impervious. 

Fig.  153  presents  an  imaginary  section  of  a  portion  of  tlie  earth's  cniat, 
ooDtaining  two  impervious  strata,  A  B,  C  D,  and  one  pervious  stratum, 
K  K.    Let  these  strata  reach  the  surfaue  in  elevaud  land,  and  we 


hara  thus  a  basin  into  whii^h  the  meteoric  waters  filter  and  from  which 
they  cannot  eticnpe,  being  coafined  by  the  impervious  strata  already 
named ;  now  au  arlesian  boring  in  the  valley  II,  will  reach  the  impr>- 
•oned  water  af^r  passing  A  B,  and  the  water  will  be  tlimwn  up  in  a 
jet,  the  height  of  which  will  depend  on  the  elevatiou  of  the  edges  of 
tiie  basin,  which  may  uoiue  to  the  surface  in  loft;  hills  hundreds  of 
miles  away  from  the  well. 

A  well  of  thii  kind  wu  suDk  at  LnuiivUle,  K;.,  is  lgiT-8,  la  the  great  ilojilk 
ef  2080  feet  (Du{>oDl'a  ««!]),  wbich  delivers,  through  ■  bure  of  13  jncbn,  over 
tbree  hundred  Ihoownd  gallnoi  at  lalpharetted  miDtral  nUr  in  34  honrt,  si 
170  f»C  above  the  BUrfue,  nith  a  eoiiBtaiil  lampcrstun  of  Tfl^"  P.  (SS)"  lU  Dm 
bottDm}.  (Am.  Journ.  Sol.  [i]  iivii.  ITl.)  fiokber'i  Hull  in  Su  Louis  ii  2tM 
feet  dup,  and  ;inLd*  alio  anlpbuntud  iraUi ;  Rbi[e  [be  fDmoui  Greoelle  well 
In  Pari)  bi  IHOd  Tint  deep,  mud  jiuldt  dail;  800,000  enlloBs  of  lofi  water,  warn 
eniiugb  la  anawer  the  purpom  of  the  gnu  ilaugbier-bouHi  durroundiDg  it. 
Arleiiin  vella  have  imUiy  been  sueceiafullj  twied  in  the  Arrinan  deien  on  Ibe 


205.  Theorem  of  ArcMmedea. — SotiJt  iaiiHefied   i/e  liijuid*  t 
iiioyed  up  b'j  it  furce  equal  lo  the  aeit/hl  of  Oic  Uqiiid  liUplattd. 
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This  Tery  importuit  priueipla  wu  discoTered  bj  ArchimedeB,  sbuut 
230  years  b.c.,  uid  is  called  after  him,  the  Principle  of  Archimede*. 
Im  oorrectDSw  U  proved  bj  meaos  of  the  bjdroatatio  balaoce,  from 
ona  of  the  *mu  of  which  (Eg.  154)  is  buog  &  hollow  cjlinder,  oi 
backet.  A,  hktiog  »  ejlindrical  mnw  of  copper,  B,  exactly  fitting  ioto 
it,  aJtd  ■nq>eDded  from  it  by  meaoB  of  a  book.  HariDg  exactly  coun- 
terp<naed  the  beam  by  weighta  on  the  oUier  arm  of  the  bnlance,  fill  up 
the  glass  Tesnl  with  water,  until  the  cylinder  B  ia  wholly  immereed. 
The  cylinder  will  then  appear  to  have  lost  weight,  the  other  arm  going 
down.  If  the  bncket.  A,  is  now  exactly  GUed  with  water,  the  equili- 
Mam  will  be  restored ;  proving  that  the  weight  lost  by  the  immersed 
body  is  equal  to  its  own  bulk  of  water. 

Tbe  same  is  trae  of  any  liquid  whatever.  It  is  aim  true,  however, 
(hat  the  wei^t  lost  in  this  case  by  tbe  cylinder  must,  as  a  necessary 
reanit  of  the  law  of  action  and  reaction,  be  gained  by  the  water  in 
the  vase. 

This  fact  i«  illaittrated  by  arranging  the  apparatus  as  seen  in  Gg.  155. 
After  Srst  balancing  the  vase  of  water,  the  cylinder  B  is  suspended  in 
IM  it  from  a  separate  support  C.    The  vase  then 

^4  appears  to  have  gained  in  weight,  and  it  will 
be  found  requisite  in  order  to  restore  the  equi- 
librium  to   remove  therefrom  enough  i 
uaetly  to  fill  tbe  cup  A. 


Tbe  tbeurem  of  Arehimedeti  ik  h  nec*^s«ary  consequence  iif  ili 
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cbanical  condition  and  laws  of  equilibrium  of  liquids,  and  of  the 
impenetrability  of  matter.  The  whole  immersed  body  is  buoyed  up 
by  a  force  equal  to  the  resultant  of  all  the  forces  normal  to  each  point 
of  its  surface,  that  is  by  a  force  equal  to  the  weight  of  the  liquid  wbiofa 
it  displaces. 

206.  Another  demonstration  of  Archimede8|  principle. — Con- 
ceive a  cube  AB,  fig.  156,  of  water  for  example,  say  one  cubic  inch  or 
a  cubic  centimetre  in  bulk,  isolated  and  IW 

sustained  in  its  position  by  the  pressure  of 
the  surrounding  particles — such  being  the 
condition  of  equilibrium  existing  among 
the  particles  of  liquids  at  rest  (199). 
Hence  it  is  evident  that  the  weight  of  the 
ideal  cube  A  6  is  sustained  in  its  position 
of  equilibrium  by  a  buoyant  force  exactly 
equal  to  its  own  weight.  If  A  B  is  now 
solidified  by  any  cause  which  does  not 
change  its  volume,  it  is  evident  that  the 
conditions  of  its  equilibrium  also  remain 
unchanged.  We  may  therefore  replace  it 
by  any  other  substance  of  whatever  weight, 
having  the  same  dimensions,  and  the  new  solid  will  still  be  buoyod  ap 
by  a  force  equal  to  the  weight  of  the  ideal  cube  of  water,  or  of  any 
other  liquid  in  which  it  is  immersed. 

The  form  of  the  body  is  evidently  immaterial,  and  therefore  it  fol- 
lows, as  before,  that  a  body  plunged  in  a  liquid  is  sustained  by  a  power 
equal  to  the  weight  of  the  liquid  displaced. 

Floating  bodies. — Accepting  the  Theorem  of  Archimedes,  it  follows, 
that  if  the  immersed  solid  be  of  the  same  weight  as  the  displaced  fluid, 
the  former  will  remain  at  rest  in  the  fluid,  in  any  position  in  which 
it  may  be  placed,  the  upward  pressure  exerted  upon  the  solid  being 
equal  to  its  own  weight. 

Since  the  specific  gravities  of  any  two  substances  are  to  each  other 
as  the  weights  of  equal  volumes  of  those  substances  (99),  it  follows  that 
any  homogeneous  solid  will  float  when  its  specific  gravity  is  less  than  that 
of  the  liquid,  and  that  it  will  sink  when  these  conditions  are  reversed. 
Hence,  iron  sinks  in  water,  but  floats  on  mercury;  some  woods 
which  float  on  water  will  sink  in  oil  or  alcohol ;  while  oak,  which  floats 
on  salt  water,  will  sink  in  fresh  water.  But  if  the  iron  is  fashioned 
into  a  thin-walled  vessel,  and  the  dense  woods  into  hollow  boxes^ 
they  will  then  float  on  the  same  liquids  in  which  they  before  sank, 
because  their  volumes  have  been  increased,  respectively,  without  in- 
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creftsing  their  weight,  and  they  float  becaase  each  displaces  a  volume 
of  water  greater  in  weight  than  the  weight  of  the  floatiDg  body. 

lEIzailiplea  iUostraUng  thia  principle  arc  of  familiar  oocurrenee.  Iron  »hip§ — 
e.g,,  the  Great  Baatem — float  aa  baoyantljr  aa  ahipa  of  wood,  and  have  beaidea  a 
Tast  capacity  for  floating  their  heavy  machinery,  coal,  and  cargo.  The  problem 
of  weighing  a  ahip  and  cargo  reaolvea  itaelf  into  a  queation  of  mcnaaration  of 
Um  Tolume  of  water  diiplaced  by  her. 

CnmdB  an  tanka  of  Iron  or  wood,  which  are  firat  filled  with  water,  and  after 
being  aeeared  to  tho  sidef  of  loaded  veaaela  the  water  ia  pumped  out,  when  their 
baoyaaey  aida  the  veaael  in  floating  over  a  bar,  or  in  ahallow  water. 

Floating  doeka,  ao  much  in  nae  in  the  aeaporU  of  the  United  Statea,  are  aimilar 
oontriTaboea  by  aid  of  which  the  heaviest  an  1  largeat  ahipa  are  aafely  raiaed  en- 
tirely oat  of  water  for  repaira.  The  elevating  force  ia  aolely  the  buoyancy  of  large 
aeetional  tanka  previoualy  aunk  beneath  the  veaael,  and  then  pumped  out  by 
ateam-enginea. 

Cartenan  dUciL — Thia  hydroatatic  toy,  known  nlso  as  the  IttdeoHf  exhibita  the 
principle  juat  atated.  It  conaiata  of  a  small  glass  or 
eoamel  figure,  fig.  167,  at  whose  head  ia  fixed  a  bulb  of 
glaaa  having  a  amall  opening,  0,  beneath.  It  ia  filled 
with  water  to  auch  an  extent,  that  when  placed  in  the 
cylinder  of  water  aa  repreaented,  it  juat  floata.  Over  the 
mouth  of  the  veaael  ia  tightly  fixed  a  piece  of  caoutchouc. 
Preaaore  exerted  by  the  thumb  on  the  caoutchouc  will  be 
oonveyed  through  the  water  to  the  air  contained  in  the 
Imlb  0.  Suflloient  water  will  thua  enter  0  to  render  the 
apeoifio  gravis  of  the  apparatna  heavier  than  that  of 
water,  when  it  ainka.  On  removing  the  pressure,  ex- 
paaaion  of  the  air  in  0  expela  the  water  which  was  pre- 
Tiooaly  forced  into  it»  and  the  apparatua  riaea.  By  a 
eoBtrivanee  aimilar  to  thia,  the  beautiful  nautilua  shell 
riaea,  to  float  upon  the  aurface  of  the  aoa,  or  sinks  again 
at  pleaaure,  by  a  voluntary  contraction  or  expansion  of 
aa  internal  cavity. 

Fuket  are  bodies  floating  in  a  atate  of  equilibrium,  when  immeraed  in  their 
own  element  But  in  order  to  preaerve  thia  atate  at  different  deptha,  they  have 
an  air  bladder,  by  contracting  or  expanding  which,  their  bodiea  acquire  the 
mean  denaity  of  the  water  in  which  they  are. 

207.  Xlqailibriam  of  floating  bodies. — In  order  that  a  floating 
body  may  be  in  equilibrium  it  is  necessary :  First,  That  the  weight  of 
the  fluid  displaced  should  be  equal  to  the  weight  of  the  floating  body : 
Second,  That  the  resultant  of  all  the  upward  pressures  of  the  liquid 
alioald  act  in  the  vertical  line,  passing  through  the  centre  of  gravity  of 
tlie  body. 

As  the  weight  of  a  body  may  be  considered  as  acting  at  a  single 
point  called  the  centre  of  gravity,  so  the  upward  pressure  of  a  liquid, 
acting  upon  a  body  immersed  in  it,  may  be  considered  as  acting  in  a 
single  point  which  will  be  the  centre  of  gravity  of  the  fluid  displaced. 
This  point  is  evidently  differ'Mit  fropn  the  centre  of  gravity  of  the  lK)dy, 
17 


166 


THE   THREE  STATES   OF   HATTEK. 


•nd  may  therefure  appnipriaUlj  bs  oalled  the  ctrUre  of  buo^nrj/.  ta 
a  honc^neuns  oilid  this  point  is  alwaja  below  the  ceatre  of  graTit; 
when  the  budy  floata,  and  coincides  with  it  when  the  bodj  ainks.  Let 
abed,  fig.  158,  be  a  homogeDeous  solid,  iss 

G  will  represent  the  centre  of  gravitj 
of  the  bod;,  and  P  ttie  centre  of  buo;- 
uiej,  or  upward  pressure,  situsted  at 
tiia  centre  of  grsvitj  of  the  liquid  dis- 

When  the  fiimtlng  body  is  not  homo- 
geoeous  the  centre  of  gravity  may  be 
below  the  centre  of  buoyancy,  aa  in  the 
case  of  a  nhip  having  ballnat  or  heavy 
cargo  stowed  in  the  hold.  ~^~'-~- 

Let  the  Boating  body  take  the  position  shown  in  fig.  159,  the  fora 
of  gravity  will  act  at  O  in  the  direc-  ms 

tion  Or,  but  the  upward  pressure  wilt 
act  from  a  new  centre  of  buoyancy, 
P',  at  the  centre  of  gravity  uf  the 
displaced  fluid,  and  in  the  direction 
P'g.  This  force  being  equal  to  the 
force  of  gravity  and  parallel  to  it,  but 
acting  in  an  opposite  directiim,  the 
two  forces  form  a  couple  (48),  and 
t«Dd  to  nitnte  the  body  till  the  two 
forces  again  act  in  the  same  vertical 


;t';i; 


e  of  buoyancj/  are  in  the  tamt 
n  equilibrium. 

r  the  same  in  any  position  of  the 
it  of  the  body  the  centre 


When  the  centre  of  gravity  and  a 
vertical  line,  the  foaling  body  ttill  be  ii 

This  equilibrium  may  be  » 
floating  bi>dy  ;  unstable  when  by  any  n 

of  gravity  descends: — or  ulable  equilibrium  when  movement  or  the  body 
in  any  direction  pauses  the  centre  of  gravity  to  ascend. 

Keatral  eqttilibTium. — A  sphere  of  uniform  density  floating  in  a 
liquid  is  an  example  of  neutral  equilibrium,  because,  whatever  position 
it  may  assume,  the  part  immemed  is  a  segment  ofa  sphere  of  the  same 
magnitude  and  furm,  and  no  alteration  can  be  effected  in  the  relative 
positions  of  the  centre  of  gravity  and  the  centre  of  buoyancy. 

niutableeqtiilibritim.  — Let  iiAcri.  fig.  Kifl.  represent  s,  rectangular 
prism  of  unifi-rm  density,  floating  on  one  end,  the  centre  of  gravity 
being  atO,  and  the  centre  of  buoyancy  or  upward  pressure  being  at  P. 

Although  U  and  P  are  in  the  same  vertical  line,  it  is  evident  that  llie 


•qnilibriuiQ  will  be  iiiwtftble,  beoaaM  wbfiD  the  bod;  moves  to  adj  n 
»  at  fig.  101,  tbe  oentre  of  gnritj  d«sa«iidi. 


Stable  Dqailibiinin. — The  centre  of  baoyiiDcj,  or  ceotre  of  upward 
praMure,  maj  be  conBidered  bi  the  centre  of  support  of  a  fluatiog  bodj. 
When  this  centre  ii  above  the  centre  of  gravity,  the  bodj  will  evidently 
be  in  a  potition  of  stable  equilibrium.  It  will  also  be  in  a  position  of 
•table  equilibrium  when  the  centre  of  gravity  occupies  a  lower  position 
than  it  would  acquire  in  anj  other  position  of  the  floating  bod;.  But 
in  Bnch  oases  the  slabilit;  of  the  equilibrium  uf  the  fluBting  bodj  is  more 
readily  understood  by  reference  to  another  point  called  the  metactntrt. 

208.  Tbe  metaoentre  of  a  jloating  body  u  the  point  yehere  the 
verthal  patting  through  the  cenlre  of  buoyancy,  in  the  position  of 
tquUSfrium,  meets  the  verticai  drawn  through  the  new  centre  of  buoyaneg, 
•rAen  the  body  hat  been  ttighUy  displaced  fiom  thit  potitioit. 

Bj  reference  In  figs.  15S  and  159  it  will  be  aeen  that  O  r'  or  0  ^  is  the 
vertical  which  passes  through  the  centre  of  buoyancy  in  the  position  of 
stable  equilibrium,  aod  P'^  tbe  Tcrtica!  paasing  through  the  centre  of 
bnoyaney  when  tbe  body  is  moved  a  little  from  the  position  of  equili- 
brinm ;  hence,  q  is  the  metacenlre  related  to  the  position  of  stuble  equi- 
librium, and  in  this  case  it  is  nliove  the  centre  of  gravity. 

Referring  to  figs.  160  and  161,  we  see  that  the  metacentre  is  at  g',  fig. 
161,  or  at  a  point  below  the  centre  of  gravity, 

Tbe  aetaneDtre  maj  >lia  be  So-aai  bj  Uklng  tbe  point  a(  iDtfirseotioe  of  VBr- 
lieal*  paulng  tbrongh  tha  centni  at  booruic;  ie  an;  two  punitiom  near  aach 
othar. 

A  floating  body  will  be  in  stable  equilibrium  whenever  the  meta- 
oeotre  ie  above  the  centre  of  gravity,  and  the  degree  of  stability  will 
be  in  proportion  to  the  distance  of  tbe  metacentre  above  the  centre  of 
gravity.    This  depends  on  the  form  of  the  floating  body. 

Whan  the  ccBtn  of  (ravlt;  is  below  tbe  ceotre  of  buojaoc;,  Ibe  metaceDtra 
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lovs  the  oonirg  or  grarity,  uid  tfala  ooDdition  i) 

lubmefgad.     Tlieio  ptintiplei  me  of  gr*»l  import- 
oiidiug  or  shipi.    Tbe  mernsEalrs  ma;  be  legsrdi^d 


'eight  or  tbt  ufalp. 

Vaueli  disigmd  for  tran  sport 
olliiat  of  iron  or  itnac  plated  □ 
be  otliEi  hiLBd,  TeiioLi  Icwdcd  wi 


I  of  graril]',  Ibat  (Ls  < 


gen  and  iighl  cargo  r<H|uirs  L«ai  y 
ul,  ID  preivrte  tba  aqHillbriuu.  Oo 
re  tbe  cantro  of  grarilj  id  low  u  la 
tbe  cargo  is  eleraled  bjoroM  piliBK 
rity  ao  Bi  lo  allow  tha  ibip  to  roll 
BDiall  bsaU  is  fr»in  Ibe  tune  oansa 
nU  of  ibe  paaieogen.  Tbt  rullJDg 
ir^on  of  tbe  cargo,  and  Ibua  romoTe 
•e  tbruHD  npon  faer  baun-cDdi,  and 


209.  The  problem  stated.— Methods.— We  linre  already  consi- 
dered the  relaliuna  of  densit;  and  specific  neiglit  lo  mass  and  weight 
(i}6-9<J).  Must  of  the  luelhods  in  use  Ui  determine  apeciSo  gravitj 
depend  un  the  principles  of  hydrostatics  just  considered,  and  serve  sa 
illustrations  uf  them.     Tbe  problem  ia : — 

To  compare  tiu  vieight  of  any  bo-iy  ahote  tpecific  grarilij  U  nouyht 
with  tht  teeight  of  an  equal  volume  of  wnlcr  iaktii,  IBS 

OS  vnity.     The  ipecific  grairily  it  found  by  diiiidiag^ 
the  first  weight  by  the  lecond. 

Methods. — This  opemtioQ  is  performed  Erst, 
by  thi^  ki/drosiatie  balance;  second,  by  the  tptrifie 
gravity  liiitle;  third,  by  various  floating  instru- 
iQBiila  ealled  hr/ilromelert  or  areomeleri. 

All  iheac  methods  renolve  themselves  into  tipeciiil 
coses  of  the  Theorem  of  Arcliimedes,  {  205. 

210.  Bpeoiflo  gravity  by  the  bydroatatio 
balance, — The  solid  [heavier  tliuD  water)  is  sus- 
pended beneath  the  pitD  of  a  balance  by  means 
of  a  fine  filament  of  raw  silk,  and  then  neighed, 
hanging  in  air.  It  is  then  immersed  in  water  as 
in  fig.  162,  and  the  weight  it  loses  determined. 
This  loss  is  equni  (according  to  the  principle  of 
Archimedes)  to  the  weight  of  a,  volume  of  water 
of  the  »ame  bulk  ns  the  immersed  body.  Sub- 
tracting the  weight  of  the  substance  in  water 
from  its  weight  in  air,  and  dividing  tbe  latter 
by   tlie  difierence.  the  product  will  be  the  speclGc  gravity  rtijuired 


OF   FLUIDS. 


169 


Bxample. — ^A  pieee  of  iron  weighed  in  ftir  460  grains,  in  water  401*16  grt. 
Then  460 — 401-16  =  68*84  grs.,  which  eqnals  the  weight  of  a  yolume  of  water 
equal  to  the  iron,  and  460  -f>  58*84  =  7*8  =  specific  graritj  of  the  iron. 

To  make  the  case  general,  let  If  be  the  weight  of  the  body,  and  W^ 
the  loss  of  weight  in  water,  then  bj  the  definition 

(%  (?r.)  =  -p- 

The  reealt  thna  obtained  is  always  to  be  redaced  to  a  standaid  tem- 
perature. 

For  9oUds  lighter  than  waier. — If  the  body  who6e  specific  gravity 
is  to  be  determined  is  lighter  than  water,  it  must  be  attached  to  some 
■olid  (whose  weight  in  air  and  in  water  is  known)  sufficiently  dense  to 
sink  it  in  water.  The  compound  mass  is  weighed  first  in  air,  and  then 
in  water,  and  the  loss  determined,  the  weight  lost  by  weighing  the 
heavy  body  alone  in  water  being  known,  the  weight  of  the  light  body 
in  air,  divided  by  the  difference  between  these  losses,  gives  the  specific 
gravity. 

Bzampla. — ^A  substance  weighed  in  air  200  grains,  attached  to  a  piece  of 
eopper  it  weighed  in  air  2247  grs.,  in  water  1620  grs.,  suffering  a  loss  of  627  grs. 
The  copper  itself  loses,  when  weighed  in  water,  230  grs.,  627  —  230  =  397,  thot. 

W 

Sp.  Or,  =—  =  200  ■+-  397  =  •504. 

For  liquids. — ^The  hydrostatic  balance  also  applies  to 
liquids  as  well  as  to  solids — ^whether  the  liquids  are  denser 
or  lighter  than  water. 

For  this  purpose  a  small  glass  tube  is  prepared,  including 
enough  mercury  to  sink  it  in  any  liquid  not  heavier  than 
mercury.  It  is  hermetically  sealed,  the  end  bent  into  a  hook, 
and  the  whole  suspended  by  a  very  thin  platinum  wire  from 
fha  pan  of  a  balance.    Fig.  1^  shows  this  apparatus  of  full 


163 


The  weight  of  the  volume  of  water  which  this  system  dis- 
places at  60^  F.  (or  at  4°  C.)  is  first  determined  by  the  mode 
described  for  solids.  This  is  a  constant  quantity,  and  may 
be  called  C.  If  the  tube  is  now  immersed  in  another  liquid, 
as  in  alcohol  for  example,  it  will  require  a  certain  weight  to 
restore  the  equilibrium  (the  weight  of  the  tube  and  mercury 
is  supposed  to  be  counterpoised  in  each  case  by  a  constant 
irmf^t  prepared  for  the  purpose).  The  amount  of  this 
weight,  W  (required  to  restore  the  equilibrium),  is  the  weight  of  a 
volume  of  the  k'quid  displaced  by  the  tube.  But  the  weight  of  thn 
17* 
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same  volume  of  water  is  known  ((7.)  Henoe  the  specific  grayity  of  the 

W 
liquid  is  ^T* 

Example. — A  glass  tube,  like  fig.  163,  lost  in  water  2*9910  grains  =  (7,  in 

W 

alcohol  it  lost  2-4081  =  W,  -  =  -80511  =  5/>.  Or.  of  the  aloohol. 

211.  Specific  gravity  bottle. — For  liquids. — ^Wben  it  is  required 

to  determine  the  specific  gravity  of  a  liquid,  the  specific  gravity  bottV 

offers  the  easiest  and  most  simple  method.     Such  IM 

a  bottle  is  shown  in  fig.  164.    It  is  closed  by  a 

ground  glass  stopper,  and  the  neck  is  drawn  out 

to  a  fine  tube  (the  upper  portion  of  which  serves 

for  a  funnel  in  filling  the  bottle),  upon  which,  at 

A,  is  traced  a  fine  lino  to  which  the  bottle  is  to  be 

filled  at  each  experiment     The  tare  of  the  bottle 

is  accurately  determined  and  noted  once  for  all. 

It  is  then  filled  to  A  with  pure  water  and  weighed 

again.   This  weight  less  the  tare  gives  its  capacity 

of  water  at  a  fixed  temi)erature.    To  determine 

the  specific  gravity  of  any  other  liquid,  the  bottle 

is  filled  with  it  and  weighed  as  before.    Deducting 

the  tare  of  the  bottle,  we  now  know  the  weight  of 

a  volume  of  the  liquid  equal  to  the  same  volume 

of  water.     Representing  these  two  weights  by  IP 

W 
and  W,  we  have  (Sp,  Gr,)  =  -=.      In  all  cases, 

the  result  must  be  reduced  to  a  standard  tempera- 
ture as  described  in  the  Chapter  on  Heat. 

Far  tolids,  when  broken  in  small  fragments, 
we  may  also  use  the  specific  gravity  bottle.    In  this  case  the  weight 
of  the  bottle  when  empty,  and  also  when  filled  with  pure  water,  being 
known,  a  kno¥m  weight  of  the  solid  in  fragments  is         165 
introduced,   as  in  fig.  165.    Calling  the  weight  of  the 
bottle  and  water  =  Wd,  and  the  weight  of  the  solid  added 
W,  and  the  weight  of  the  bottle  solid  and  water  Wb^  it  is 
plain  that  the  weight  of  water  displaced  by  the  solid  is 
W^  =  Wd-^-  W—  Wb,  and  that  the  specific  gravity  of 

the  solid  is 

W 

(^i'-  <?•••)  =  wa  \    W-WV 

This  value  must  be  corrected  for  temperature  as  before. 
For  solids  soluble  in  water  we  must  employ  some  liquid 


in  TTl.ich  tho  lubBtance  ifl  insoluble,  aa  aloohol,  oil  cf  turp«iitiDe,  Ac. 
Tbe  specific  gravity  thus  determiDed  Ib  reduced  bi  the  standard  of  natcr 
bT  multipljJDg  it  bj  the  known  densitj  of  tbe  liquid  employed ;  thus,  fur 

BxampI*.— A  ■dImLuh*  (alnbla  id  water  hu  weighed  in  ail,  ud  iU  ipeelSa 
gnvilj,  cnmpuvd  with  Uie  oil,  wm  2-6,  tbo  tpci'lllc  gmitj  of  ths  oil  wu  47 ; 
Ui«  S  a  X  'B7  =;  i-2»2  Lb«  ipecifio  gnrit;  of  tbe  lubiLaiice. 

212  Bp«aUlo  Btavities  by  bydrometen  ot  aiAomotan. — In 
ibis  mcde  the  balance  is  replaced  b;  floating  bodies  called  hydromda-t 
or  areomelerB.  There  are  two  clisseB  of  these  inftruiuentit,  namel;, 
Cnt,  hydromelert  tuith  a  eorulanl  volume;  and,  seuoud,  kgdromelerM  ailh 
c  •I'PilarU  weight. 

I.  NlcholsoD'a  bydrometei  oi  aieometei  is  an  inntrumeut  of  the 
Gntdass,  used  fur  determining  the  speL-iGc  gravity  of  solids.  It  conBiBtb 
ul  a  hollow  cylinder  of  metal  or  glass,  H,  Gg.  1(J6,  having  attached  at 
!'■■  lower  end  a  cone,  C,  loaded  with  lead,  which  causes  the  apparatus 
tc.  •biitnmc  an  upright  posilion  when  placed  in  water.  IBS 

The  upper  part  of  the  cylinder  is  terminated  by  a 
t!^nder  rod,  on  the  end  of  which  is  a  small  pan,  A, 
iLr  holding  weights.  The  whole  apparatus  must 
have  a  less  specifiu  gravity  than  water,  so  that  a 
rertaia  weight,  represented  by  C,  must  be  put  in  the 
[i^n  to  sink  thr  areometer  to  the  water  mark,  O.  If 
we  wish  to  determine  tho  specific  gravity  of  a  solid 
(whose  weight  must  be  less  than  C),  we  place  it  in 
the  pan  A,  and  add  weights  until  O  is  brought  to 
the  level  of  the  water.  Tbe  weight  C,  minus  the 
weights  last  added,  will  be  the  weight  of  the  body 
in  ur.  It  is  now  taken  from  A,  and  placed  in  C ; 
•dditional  weight  now  required  to  sink  tbe  cylinder  * 
to  the  index,  0,  will  be  the  weight  lost  in  water. 
We  have  now  the  data  fur  determining  tbe  specific  gravity  of  the  solid. 

For  example,  if  the  counterpoise  weighed  250  grs.,  and  a  mass  of 
lead  whose  specific  gravity  we  wish  to  ascertain,  requires,  when  placed 
in  A,  50  grs.  to  be  added  in  order  to  bring  tbe  hydrometer  to  the  point 
0,  then  (250-~A0]  200  is  the  weight  of  the  lead  in  air ;  placing  now 
the  le*d  ou  C,  we  fiod  that  it  requires  the  addition  of  1T'4T  grs.  on  A, 
ia  order  to  oounterbalance  the  instrument;  consequently  the  speoifio 
gr*vityofthe  lead  is  11-45.  iV{,  =  1145.  If  the  substance  is  lighter 
thftn  water,  it  is  confined  under  a  perforated  cover  or  wire  cage  placed 
■»  C,  which  prevent!  its  rising. 
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If  we  represent  these  successive  weights  by  C,  W,  and  W^,  then  in 
any  case 

(Sp.  Or.)  =  -p^. 

a.  Fahrenheit*  hydrometer  ia  the  same  instrument  (omitting  the  lower  pan) 
constructed  of  glass  and  designed  to  measure  the  specific  grarity  of  liquids. 
Knowing  (by  the  balance)  the  constant  weight  {C)  of  the  instrument,  and  also 
the  weight  (o)  required  to  sink  it  to  a  fixed  point  on  the  stem — the  sum  of  whica 
weights  (by  210)  is  equal  to  the  weight  of  the  water  displaced.  Mre  baye  only 
to  float  it  in  any  liquid  whose  specific  gravity  we  would  ascertain,  and  note  the 
weight,  Wf  required  to  sink  it  to  the  fixed  point  on  the  stem.  The  weight  of 
the  liquid  displaced  is  then  C  -\-  Wf  and  since  C7  -(-  e  and  C  -\-  W  are  the 
weights  of  equal  volumes  of  water  and  of  the  liquid,  the  specific  gravity  nf  tha 
liquid  is  found  by  dividing  the  latter  by  the  former,  or  {Sp,  Or,)  =  ((7  -(-  IT)  -f- 
{0  -f  c.) 

b.  JiouMean^t  hydrometer  is  a  form  of  this  instrument  adapted  to  deferibitiing 
the  specific  gravities  of  liquids  of  which  we  possess  too  small  a  portion  to  flvat  m 
common  hydrometer.  For  this  end,  a  cup  of  glass  replaces  the  pan  A,  which  holds 
say  one  cubic  centimetre.  Thus  loaded,  the  instrument  sinks  to  a  point  Ti:«.r<&cd 
20*^  near  the  middle  of  the  stem.  The  sten^  is  divided  between  thLs  |iOaDI  and 
zero  into  twenty  equal  parts,  each  of  which  consequently  measures  one-twentieth 
of  a  gramme  or  0*05  gramme.  The  specific  gravity  of  a  liquid  is  then  fouud  by 
this  instrument  by  multiplying  0*05  by  the  number  of  the  division  to  whieh  it 
sinks  when  loaded  with  one  cubic  centimetre  of  the  liquid  used. 

2.  Gay  Lossac's  and  Beaame*8  hydrometezB  are  instruments 
having  a  constant  weight,  and  by  which  we  determine  the  specific 
gravity  of  a  liquid  by  measuring  the  volume  of  fluid  displaced  by  the 
floating  instrument — which  weight,  as  we  ha>e  seen,  is  the  same  as  the 
weight  of  the  instrument  itself.  But  we  have  shown  (99),  that  for 
equal  absolute  weights  the  specific  weight  is  inversely  as  the  volume  or 
(Sp.  Gr.)  =  V^  -^  F,  where  V^  equals  the  volume  of  water  displaced  by 
the  instrument,  and  V  the  volume  of  any  otber  liquid  displaced  by  it. 
In  other  words,  we  can  find  the  specific  gravity  of  any  liquid  by  dirnd' 
ing  the  volume  of  a  given  weight  of  water  by  the  volume  of  (he  setme 
weight  of  the  liquid  whose  specific  gravity  is  required. 

Instruments  of  this  class  are  very  common  and  in  constant  nse  for 
determining  the  specific  gravity  of  alcohol,  acids,  alkaline  solutions, 
urine,  milk,  and  many  other  liquids.  Figs.  167  and  168  show  the  form 
of  Gay  Lussac's  densimeter y  as  it  is  often  called.  It  is  a  glass  tnbe  con? 
tain  ing  enough  mercury  in  the  lower  end  to  cause  the  tube  to  float  in 
pure  water  at  the  hundreth  division  of  a  scale  of  equal  parts  traced  oc 
paper  and  sealed  up  inside  the  tube.  If  it  displaces  100  measures  of 
water,  floated  in  sulphuric  acid  it  displaces  only  54  measures,  and 
therefore  the  specific  gravity  of  sulphuric  acid  is  100  -f-  51  =z  I'85. 
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For  fluids  lighter  than  water,  the  gnidoation  is  earned  vy  ihj 
(as  we  know  of  no  liquid  of  a  less  speciiic  gravity  thar*  (''C^). 
placed  in  pure  alcohol  it  rises  say  to  125  degrees,  or       i  ^^ 
the  specific  gravity  of  alcohol  is  100  -f- 125  =  0*80. 

By  giving  the  instrument  the  form  shown  in 
fig.  168,  much  needless  length  is  saved  on  tne 
stem,  since  the  ball  is  so  placed  as  to  be  always 
immersed,  and  its  buoyancy  is  equal  to  that  of  a 
much  greater  length  of  tube.  The  scales  are  also 
osoally  divided  among  the  instruments — one  for 
liquids  lighter  than  water,  one  for  specific  gravities 
from  1'  to  1'33  (corresponding  to  100  to  75),  and 
another  reading  from  75  (corresponding  to  1'33)  at 
the  top  down  to  50  (corresponding  to  2*06)  near  its 
middle.  These  instruments  are  not  of  scientific  accu- 
racy, but  are  ready  modes  of  determining  off-hand 
the  approximate  specific  gravity  of  a  given  liquid. 

The  scales  of  Beaum6  (that  most  in  use),  as  well 
as  those  of  Cartier  and  Beck,  are  purely  arbitrary. 
Table  V.  at  the  end  this  volume  shows  the  corres- 
pondence of  their  degrees  to  real  specific  gravities. 

Table  VI.  gives  the  specific  gravity  of  some  of  the 
more  frequently  occurring  liquids  and  solids. 

2  2.   Hydraalica. 
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I.    MOTION   OF   LIQUIDS. 

213.  Deflnition. — Hydraulics  (from  the  Greek  vSofp,  water,  and 
'j»Xo^,  a  pipe),  is  that  part  of  hydro-dynamics  which  treats  of  thr  flow 
and  elevation  of  liquids,  especially  water,  and  the  construction  of  all 
kinds  of  instruments  and  machinies  for  moving  them,  or  to  be  moved  by 
them.  Hero  of  Alexandria  (about  130  b.  c.)  appears  to  have  been 
the  earliest  author  on  this  subject. 

214.  Pressure  of  liquids  upon  the  containing  vessel. — A  vessel 
filled  with  water,  or  any  other  liquid,  and  closed,  is  subject  to  two  pres- 
soree  acting  in  opposite  directions:  namely,  1.  The  atmospheric  pres- 
sure, acting  from  without  inwards ;  and  2.  The  pressure  of  the  column 
of  contained  liquid  acting  against  the  walls.  If  a  vessel  so  situated  is 
pierced,  and  the  pressure  from  within  outwards  is  stronger  than  the 
external  pressure,  the  liquid  will  flow  out ;  but  if  the  external  pressure 
is  the  stronger,  the  liquid  will  not  escape. 
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Thif  statement  may  be  illastrated  by  filling  a  glass  ressel,  aa  a  wine-glatap 
with  water,  placing  a  piece  of  paper  over  its  top,  and  supporting  the  paper  with 
the  hand,  at  the  same  time  inverting  the  glass;  then  removing  the  hand  from 
the  paper  and  holding  the  glass  inverted,  the  fluid  will  not  escape,  the  external 
(atmospheric)  pressure  against  the  paper  being  greater  than  the  weigh  r  of  the 
column  of  water  pressing  downwards. 

The  mass  of  liquid  escaping  from  an  orifice  in  a  vessel,  is  called  a 
vein. 

215.  Appearance  of  the  surface  daring  a  dia-  169 
charge. — The  surface  of  a  liquid,  discharging  itself 
from  an  orifice  in  a  containing  vessel,  does  not  usually 
remain  horizontal. 

When  the  vein  issues  from  an  opening  in  the  bottom 
of  the  vessel,  and  the  level  of  the  liquid  is  near  the  ori- 
fice, a  funnel-shaped  depression  is  found  in  the  liquid, 
fig.  169.  If  the  liquid  has  a  rotatory  movement,  the 
funnel  is  formed  sooner  than  if  it  is  at  rest.  If  the 
orifice  is  at  the  side  of  the  vessel,  there  is  a  depression 
of  the  surface  upon  that  side,  above  the  orifice,  fig. 
173.  These  movements  depend  upon  the  form  of  the 
vessel,  the  height  of  the  liquid  in  it,  and  the  dimensions 
and  form  of  the  orifice. 

216.  Theoretical  and  actual  flow. — The  actual 
flow  from  an  orifice,  is  the  volume  of  liquid  which 
escapes  from  it  in  a  given  time.  The  theoretical  flow  is  a  volume 
equal  to  that  of  a  cylinder  which  has  for  its  base  the  orifice,  and  for  its 
height  the  velocity,  furnished  by  the  theorem  of  Torricelli.  That  is, 
the  theoretical  flow  is  the  product  of  the  area  of  the  orifice  multiplied 
by  the  theoretical  velocity. 

It  is,  however,  observed  that  the  vein  escaping  from  an  orifice,  oon- 
traots  quite  rapidly,  so  that  its  diameter  is  soon  only  about  tvro-thizds 
of  the  diameter  of  the  orifice.  If  there  was  no  contraction  of  the  vein 
after  leaving  the  orifice,  and  its  velocity  was  the  theoretical  velocitj. 
the  actual  flow  would  be  the  same  as  that  indicated  by  theory.  But  the 
section  of  the  vein  is  soon  much  less  than  at  the  orifice,  and  its  velocity 
is  not  so  great  as  the  theoretical  velocity,  so  that  the  actual  is  mnch 
less  than  the  theoretical  flow ;  and,  in  order  to  reduce  this  to  the  Cr^'^ 
it  is  necessary  to  multiply  it  by  a  fraction  which  is  named  "  tbs  oc-om- 
cient  of  contraction.'' 

From  comparative  experiments,  made  by  a  great  number  ot'ouscrverd, 
the  actual  flow  has  been  determined  to  be  only  about  two -thirds  of  the 
theoretical  flow. 


Pnetieilljf  the  flow,  F,  In  ■ 


it  tine,  it  eiJeulMcd  b;  Ihc  fun 


iaaalti 


if  tlie  oriiioa. 


The  contnction  of  the  Tain  ia  moi 
j«ta.     If  the  jet  is  thrown  npnardi 
of  25"  to  45°,  the  vein  preserree  its  own  diameter ; 
bat  if  it  BurpunMs  45°,  its  section  increases. 

By  nipaDdiiiB  nlid  partlclsi  io  tha  watsr,  tfaa  car- 
ISBti  Uiat  ara  fonned  b;  so  aaeaping  Tain  ara  mada 
TialblaL  Tha  solid  particle)  direct  tfaemaeWae,  in  carred 
iiima.  (owarda  and  into  the  oriflca,  ai  a  caatra  of  altru- 
tiOB,  flg.  171.  The  parlialai  in  immediala  sontaet  with 
the  oriflea,  awiDg  to  frietion,  not  meriog  lo  aasil;  as 
Ihoaa  near  the  aiii,  evntiaction  maat  reialti  we  cod  aee 


iticesble  id  downward  flowing 
an  angle  171 


lal  deereasa 


217.  Raactlon  of  tbe  MoaplDg  vein. — Batket's  mill.— When  s 
jet  of  liquid  escapes  fruin  an  orifice  in  a  containing  Teasel,  the  pressure 
of  the  liquid  upon  the  walls  at  the  point  of  17S 

BBOape  finding  no  counteracUng  force,  the 
boriiontal  oomponent  of  the  column  is  not  de- 
Btrojed  as  when  the  opening  is  closed ;  and  this 
force  reacts  to  thrast  the  vessel  in  a  directioo 
oppoeite  to  that  of  the  ascaplng  vein. 

This  reaction  is  made  sensible  b;  Bospend- 
isg  th«  containing  vesset  on  a  free  TertJual 
axis,  as  in  the  apparatus  known  as  Barker's 
Ui1I,fig.lT2.  ThaorificesofescapefortheTi 
sr«  here  in  the  ends  of  a  horizontal  pipe  bent  \ 
at  right  angles,  and   in   opposite  directions,  ; 
Ginned   as  seen    at   AB,   where    the   an  _^ 

■bows  the  point  of  reaction  of  the  escaping 
Tmn  apoD  the  end-wall  of  the  tube. 

It  might  be  supposed,  as  was  assumed  bj  Newton,  that  the  miving 
foroo  in  this  caae  was  onlj  the  boriiontal  component  of  a  force  iSjual 
to  a  ebiamo  of  liquid  whoee  base  was  equal  to  the  ares  of  tha  criGce, 
and  wboae  height  was  the  distance  of  its  centre  of  gravitj  from  tha 
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level.  Bat  the  effects  from  pressure  are  not  the  same  for  a  liquid  in 
motiou  as  when  in  equilibrium ;  and  D.  Bernoulli  has  demonstrated — 

That  it  is,  in  this  case,  requisite  to  estimate  the  force  of  reaction  as 
double  the  height  of  the  liquid  above  the  centre  of  gravity  of  the  orifice. 

This  principle  is  applied  in  the  construction  of  reaction  water- 
wheels. 

218.  Flow. — The  volume  of  liquid  escaping  in  a  given  time  from  an 
orifice  is  called  itafow.  This  depends  on  the  size  of  the  opening  and 
the  velocity  of  the  jet.  Assuming  the  motion  of  the  jet  to  be  uniform 
for  a  given  time,  say  one  second,  the  distance  passed  over  by  an  escap- 
ing molecule  in  this  time  is  called  its  velocity.  The  velocity  depends 
chiefly  on  the  height  of  the  liquid  above  the  centre  of  gravity  of  the 
orifice ;  this  height  is  called  the  head  or  column. 

The  Telocity  of  flow  is  modified  among  other  oauses  also  by  the  firiotion  of  the 
liquid,  both  at  the  opening  and  against  the  walls.  When  the  aperture  it  made 
in  a  very  thin  wall  of  a  large  vessel,  so  as  to  reduce  as  much  as  possible  the 
causes  tending  to  modify  the  motion  of  the  escaping  fluid,  Uie  laws  of  the  escape 
are  comprised  in  the  following  theorem,  announced  by  Torricelli,  in  164S,  as  a 
consequence  of  the  law  of  falling  bodies  discovered  by  Galileo. 

219.  Theorem  of  Torricelli. — Liquid  molecules,  flowing  from  an 
orifice,  have  the  same  velocity  as  if  they  fdl  freely  in  vacuo,  from  a  height 
equal  to  the  vertical  distance  from  the  surface  of  the  liquid  to  the  centre 
of  gravity  of  the  orifice. 

If  H  represents  the  height  of  the  head  above  the  centre  of  gravity 
of  the  orifice,  then  the  velocity  is  expressed  by  the  formula 

De'dactionB  from  the  Torricellian  Theorem. — I.  The  velocity 
depends  on  the  depth  of  the  orifice  from  the  surface,  and  is  independent 
of  the  density  of  the  liquid. 

Water  and  mercury  in  vacuo  would  fall  from  the  same  height  in  the 
same  time ;  and  so  escaping  from  an  orifice  at  the  same  depth,  below 
the  surface,  would  pass  out  with  equal  velocity ;  but  mercury  being  13*5 
tiroes  as  heavy  as  water,  the  pressure  exerted  at  the  aperture  of  a  vessel 
filled  with  mercury,  will  be  13*5  times  as  great  as  the  pressure  exerted 
at  the  aperture  of  a  vessel  filled  with  water. 

2.  The  velocity  of  flow  of  liquids  from  an  orifice  is  €U  the  square  roots 
of  the  head. 

Thus,  stating  the  velocity  of  a  liquid  escaping  from  an  orifioe  one  foot 
below  the  surface,  to  be  one;  from  a  similar  orifioe,  four  feet  below  the 
surface,  it  will  be  two;  and  at  nine  feet,  three;  at  sixteen  feet,  four;  and 
soon. 


or   FLUIDS.  li 

Ii«t  It  tepntnt  th>  bright  of  ths  liqaid  aboTa  the  oiiBsa,  j  th*  itcelenLi 
tbna  ot  grmTitj,  ud  >  die  Talwiitj  of  diuhuga ;  wa  ab»ll  haTa  a  ^=  ■]/laH. 

220.  Demoiutiatioii  of  the  theoiem  of  Toirlcelll.— Tbe  theore 
■jf  Tonicelli  maj  be  demoD«traIed  bj 
atSg.  173. 

A  ejlindrical  lue,  a  e,  anUrgcd  inlo  a  m 
".  *.  t  - 


of  the  apparatus  sboirn 
I  the  lop,  ia  Blled  with  water. 


\al  a.e,  aod  i  and  o  ar«  aquii 


la  boriiODlallr  from 


Ibo  orifiea,  a  baoomea  h 


(!-) 

= 

■4k 

Tha  Talqet  ofz  and  y  halog  data 

'minod  by 

obaerTatioD  i 

of  r.  or  Ibe  ralocitj  with  wbicb 

tbe 

from  tha  on 

IMed  b7  formnla  (2).     Thi>  t 

J  IB  found  to  accord 

Tetocitj  wbich  a  body  would  « 

a  in  fallio 

fretly  from 

hod  of  the  laid  abova  tha  orifl 

that  tha  T 

ariatioD  fron 

ths 

lolocilj. 

There  ia  a  remarkable  coDRequence  of  this  law  which  may  eaailj  be 
Terified  bj  eiperiment.  In  tbe  formula  for  the  value  of  «  replaciuf;  c 
by  it<  Talae  W^^  we  have  i*  ==  iHy. 

(a).  The  valae  of  z  i«  the  great««t  possible  when  H—  y  =  lac,  a»  is 
%\mwa  in  the  figare,  where  the  jet  iwuing  from  the  centre  of  (he  cylinder 
hna  a  greater  raDgs  than  any  jet  either  above  or  below  tbe  centre. 

{b).  Since  y^ae  —  B,  the  Taluea  of  y  and  H  may  be  interchanged 
without  altering  tbe  value  ufx;  that  ia,  two  Jets  issuing  from  orifices  at 
aqnal  diatwiOM  above  and  below  m  meet  tbe  horicontal  tine  ah  at  the 
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Bamo  point  as  is  shown  in  the  figure  where  the  jets  issuing  from  k  and 
0  have  the  same  range,  and  also  the  jets  /  and  n. 

The  Talue  of  x  and  if  being  determined  by  obserration,  the  value  of  v,  or  Oxn 
Telocity  of  the  jet,  becomes  known  by  the  formula  (2). 

221.  The  inch  of  w^ater  named  by  hydraulic  engineers  as  the  unit 

of  measurement  in  the  scale  of  water,  is  the  volume  of  water  which 

escapes  in  a  given  time,  say  one  minute,  through  an  orifice  of  one  inch 

diameter  whose  centre  is  one  and  one-tweiflh  inches  below  a  oonstani 

surface. 

Pront  has  barmonized  this  unit  with  the  French  metrical  system  by  employ- 
ing a  pipe  of  two  centimetres  internal  diameter  and  17  millimetres  long,  nnd<«r  ii 
head  of  two  centimetres.  He  preserves  the  term  inch  of  water,  restricting  it  l^ 
the  quantity  of  water  escaping  in  one  minute  from  such  an  opening,  equal  to 
13*333  litres,  or  11*766  quarts.  In  24  hours  this  orifice  will  furnish  20  eohle 
metres,  equal  to  4,402  gallons  English  measure. 

222.  Constitution  of  liquid  veins. — The  form  and  oon8tituti<*n 
of  liquid  veins  have  been  studied  by  a  great  number  of  experimentc/« 
The  results  of  F.  Savart,  and  more  lately  of  Q.  Magnus  (Poggendortf 
Annalen,  cvi.,  p.  1),  are  those  here  given. 

It  is  determined,  1.  That  if  a  liquid  vein  issues  quite  calmly  and 
vertically  downwards,  from  a  circular  orifice  in  a  plane  and  thin  hori- 
sontal  wall,  no  movement  of  rotation  existing  in  the  mass.of  the  liquid, 
such  a  stream  forms  a  contin'uous  perfectly  smooth  cylindrical  mass, 
the  diameter  of  which  diminishes  with  the  distance  from  the  orifice  to 
the  point  where  disintegration  commences.  From  this  point  the  vein 
assumes  a  turbid  appearance,  enlarges  in  diameter,  and  commences  to 
spirt  off  small  drops  laterally. 

2.  If  the  mass  of  liquid  is  in  rotation  in  the  vase,  or  any  cause  of 
vibration  exists,  as  from  the  sounding  of  a  musical  note,  then  the  vein 
is  separated  into  two  distinct  parts,  fig.  174.  The  portion  nearest  the 
orifice  is  calm  and  transparent,  like  a  rod  of  glass,  gradually  decreasing 
in  diameter.  The  second,  on  the  contrary,  is  constantly  agitated,  and 
takes  an  irregular  form,  in  which  are  distributed,  at  regular  distanoes, 
elongated  swellings,  called  **  ventral  segments,"  whose  maximum 
diameter  is  greater  than  that  of  the  orifice :  while  the  position  of  the 
first  swelling  is  always  much  nearer  the  orifice  than  the  point  whore 
the  jet  without  swellings  commences  to  become  turbid. 

Magnus  found  that  the  best  means  to  produce  these  "ventral  segments"  were 
a  large  tuning  fork  sounding  C  below  the  line — and  the  monotonous  hum  of  the 
magnetic  hammer  or  break-piece  used  In  electro-magnetic  apparataa. 

3.  The  swellings  consist  of  separate  isolated  masses  of  water,  as 
shown  in  fig.  175.  However  regular  their  external  form  may  be,  they 
are  still  formed  of  separate  masses,  as  may  be  readily  distinguished  bj 
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holding  a  piece  of  wire  in  the  hand  so  that  one  of  its  ends  penetrates 
a  little  way  into  the  jet.  A  uniform  pressure  is  felt  when  the  wire 
is  strock  by  the  smooth  part  of  the  stream,  bat 
when  struck  by  a  swelling  a  strong  ribratory  and 
intermitting  motion  is  felt.  The  separate  masses 
of  water  forming  the  swelling,  clearly  communi- 
cate this  motion  to  the  air,  and  thus  disturb  the 
itame  of  a  gas  jet  brought  near  them,  which  the 
smooth  part  of  the  stream  dees  not  do. 

Sayart  found  that  the  swellings  are  formed  of 
disseminated  globules,  elongated  in  the  transverse 
direction  of  the  vein,  and  that  the  contractions  or 
knots  are  formed  of  globules,  elongated  in  the 
longitudinal  way,  fig.  175:  also  that  the  limpid 
pari  of  the  vein  is  formed  of  annular  swellings 
which  originate  very  near  the  orifice,  propagating 
themselves  at  unequal  intervals  to  the  troubled 
part^  where  they  separate,  of  the  same  form  at  the 
instant  of  their  separation,  but  changing  periodi- 
cally. 

4.  The  "ventral  segments"  are  produced  by 
the  vibration  of  the  orifice  through  which  the 
water  flows,  and  they  change  with  the  strength 
of  the  note  producing  the  vibration,  as  well  as 
with  the  diameter  of  the  orifice. 

The  vein  itself  occasions  a  tone,  partly  be- 
caase  its  single  separate  masses  of  water  set  the 
adjacent  air  in  motLn,  but  especially  by  the 
impact  of  these  masses  upon  some  sonorous  or  elastic  substance.  Where 
the  orifice  is  made  of  caoutchouc,  and  this  is  carefully  insulated  by  woolen 
iiads  from  the  bottom  of  the  vase,  not  even  the  loud  tone  of  a  heavy 
coning  fork  on  %sounding  ix>x  (377)  sufficed  in  Magnus's  experiments  to 
cause  the  production  of  ventral  segments.  Without  such  precautions 
they  are  often  set  up  spontaneously  by  vibrations  communicated  from 
the  falling  stream  through  the  solid  parts  of  the  apparatus. 

To  obserre  the  eonstitotion  of  the  swellings,  Magnas  used  a  rerolying  card 
perforated  bv  a  rarrow  radial  slit,  like  the  toy  known  as  the  anorthoscope, 
tllnminatinj;  the  stream  bj  a  lamp,  but  the  details  of  his  resolts  exceed  oar  space. 

5.  If  the  vein  flows  from  a  very  small  orifice  (less  than  a  millimetre), 
the  small  drops  into  which  the  stream  breaks  up  move  quite  irregularly. 
But  on  sounding  a  note  the  drops  arrange  themselves  in  groups  with 
grefit  regularity — a  certain  nnmber  always  follow  each  other  imme- 
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diate]}'— A  somewhat  greater  interval  succeeds,  and  then  the  former 
grutiping  of  drops  occurs  again. 

So  in  i.  yi-cLf^tiT  ziream,  under  the  power  of  a  barmoniouB  note,  the  swellingi 
)aid  knots  af  •u'^ce  c  ere  regularity,  and  usurp  the  transparent  part,  which  almost 
entirely  dl^apf.'eAi8 — the  flow  of  the  liquid  from  the  orifice  remaining  the  lama 
as  at  first. 

u.  The  constitutiuii  of  veins  thrown  out  in  any  direction  is  essentially 
the  Siim*  .  h'jt  the  number  of  pulsations  is  diminished  in  proportion  as 
the  vein  is  pTt»jeote«J  more  vertically  upwards. 

223.  Escape  of  iiquids  through  short  tabes. — Short  tubes  (called 
adjutages)  are  often  |)lnccd  in  an  orifice  to  increase  the  flow.  They  are 
either  cylindrical  or  '••mical.  If  the  A^ein  pass  through  the  tube  without 
adhering  to  it,  the  floA\-  ih  not  modified;  if  the  vein  adhere  (the  liquid 
wetting  the  interior  wails),  the  contracted  part  is  dilated,  and  the  flow 
increased.  In  the  last  case,  and  with  a  cylindrical  adjutage,  its  length 
not  being  more  than  four  times  its  diameter,  the  flow  is  augmented 
about  one-third. 

Conical  adjutages  converging  towards  the  exterior  of  the  reservoir, 
increase  the  flow  still  more  than  the  preceding,  the  flow  and  velocity  of 
the  vein  varying  with  the  angle  of  convergence.  Conical  adjutages 
diverging  towards  the  exterior,  give  the  greatest  flow.  They  may  gire 
A  flow  2 — 4  times  as  great  as  that  which  an  orifice  of  the  same  diameter 
in  a  thin  wall  furnishes,  und  1*46  times  greater  than  the  theoretical 
flow. 

Practically,  ihe  flow  during  a  second  from  cylindrical  adjutages  of  a  leogtli 
ihree  and  a  quarter  times  the  diameter,  is  found  by  the  formula, 

r  ■-.  0-82  »i/2gH  ==  3*62  »i/Hi  •  being  the  area  of  the  tube  and  fffht  bead. 

224.  Escape  of  liquids  through  long  tubes. — When  a  liquid 
pasKes  through  a  long  straight  tube,  the  velocity  of  the  flow  soon  dimi- 
airthes  greatly  o^virg  to  the  friction  between  the  liquid  particles  and 
the  walls.  Bends  or  curves  in  the  tube  increase  the  loss  in  velocity,  for 
i^hc  same  reason.  The  discbarge  thus  becomes  very  much  less  than  it 
w(>uid  be  from  an  orifice  in  a  thin  wall,  and  to  obviate  this  evil  the  tube 
is  getierally  inclined  ;  the  liquid  then  passes  down  an  inclined  plane,  or 
it  is  forced  through  by  pressure,  applied  at  the  opposite  end. 

Formulee. — The  discharge,  JD,  per  second  through  straight  tubes  of  aniforai 

Q.  IX  :tcr  entirely  open  at  the  end  mny  be  du^^miiLei  by  the  formula, 

D-20sJJf!L; 
In  which  H  is  the  height  of  the  water  above  the  orifice  of  disobarfe,  d  tte 


diaacur,  ud  I  Ihs  length,  of  Ilia  tabe.  All  CtaHs  qiiutili«  *re  to  bt  Uken  In 
■Mill.  Tha  formDlB  gJTM  tbB  rftlae  af  Z>  in  cubic  mslrea,  wbicb  mftif  bu  redneed 
(o''i.claa/Biif<r"(S21)b7maltiplTiDg  the  reiall  b;  75.  Tbia  ronnnU  iru 
dadncvd  ftom  tbe  nperinunta  of  Kytslvain.  When  Iha  loba  ii  Tar?  lung,  wa 
■k7  iMglMt  Ud  u  Ttrj  nwU  in  eompMiiDD  iritb  I,  *nd  tbs  romnU  to  deler- 
■t««  tb*  duoMMr  raqaind-lo  dioabarge  k  given  Toliime  of  liquid  ii. 


Tb«  relocilj  if  lb*  diaofaarf*  u  gl 


225.  7ets  of  iratmr. — As  the  velocity  of  ft  liquid  e«caping  from  an 
urifiM  i«  the  »ame  aa  that  which  a  bod;  acqaireti  falling  from  a  height 
tepui  to  the  diatance  from  the  surface  of  the  liquid  to  the  orifice,  a  jet 
of  water  spouting  upwards,  should  rise  to  170 

thelereloftheliqoid  in  thereservoir.  But 
this  neTor  quite  takes  place,  fig.  176,  be- 
OKue  of — Ist,  the  friction  in  the  conducting 
tnbea  destrojing  the  Telocity — 2d,  the  re- 
•iatance  of  the  air — 3d,  the  returning  water 
Uling  apon  Uiat  which  is  rising.  The 
height  of  Uie  jet  is  iocreased  bj  having  the 
orificee  very  small,  in  comparison  with  the 
eondacting  tabs;  piercing  them  in  a  verj 
thin  wall,  and  inclining  the  jet  a  little,  thus 
aTtudiog  tbe  effect  of  the  retarning  water. 

It  ba(  beea  drtanniiMd  (bat  the  diflereneei  between  the  height  of  Tf  rtirsi  jf  ti 
■od  (hat  of  (he  reserroin  are  approjiiaiatslj  u  tbe  sqn&nn  of  tbe  beigbt  oflbe 
)ata.  Siperiment  has  aiaigned  tbe  namber  0-01  u  Uie  coefficient,  and  (be  for- 
aol*  which  gins  the  height,  k,  of  ■  jet  nnder  *  bead  repmented  by  If,  !• 
I/— ft^*4i;^>--(b*BBt(ofueaninbelng  thaFmch  mMra. 

ir  air  i*  mia^ed  in  the  water,  (be  miiton  being  lighter  tban  water,  tbe  Jet 
■aa  he  mad*  to  riia  bighsr  than  its  uniroe. 

22G.  Prawnr*  •x«it«d  by  llqnlda  in  moUoD.— Wheti  a  liquid  is 
la  motion,  aitber  in  a  ccHkdnit  tube  or  ui  adjutage,  the  pressure  it  exerts 


00  the  walla  in  not  the  same  ns  it  is  in  equilibrium,  and  g^Dervtl;  it 
has.  aa  the  velonilj  of  How  is  greater. 

tr  the  effei^tive  velocity  ia  H7 

equal  to  theory,  thu  iD[«[ 
pressure   upOD   the  walls  of   ' 
the  adjutage  will  be  equal  to 
tlie   alatiaal    prcasure    in    a 
state  uf  equilibrium.    As  the 
effective    velocity    increaaca, 
the   interior    preaaure    u^Hin 
the   walls   of   the    adjutage 
bscomea  hsaa  than  the  pres- 
sure in  a  state  of  equilibrium,  uml   i!  iniiv  i-m-h  l.^vmin^  less  ibaii  ilia 
fliternal  atmospheric  pressure,  but  it  cun  iicvi^r  berunie  cull. 

This  principle  may  be  demonstrated  by  tlie  appnrntua  shown  in  Qg. 
ITT,  where  a  li«nt  tube,  m  n,  la  inserted  into  a  i-ylindrical  adjutage,  and 
when  the  lower  end  is  plained  in  a  veaael  of  water,  a«  shown  in  the 
figure,  the  fluid  will  mount  up  in  the  tube  to  a  certain  point  n. 

If  the  tube  m  n  la  not  too  long,  the  water  will  mount  up  and  enter 
the  adjutage,  and  flow  out  with  the  jet.  But  the  fact  that  the  water 
will  not  mount  over  in  the  tube  mn,  unless  it  ia  very  short,  provea  that 
the  external  atiuoapberiu  pressure  is  always  opposed  by  a  certain 
amount  of  internal  pressure.  It  may  also  be  shown  that  the  interior 
pressure  never  becouiea  null,  but  that  there  Is  merely  a  diminution  of 
prcBBure,  by  placing  the  appnrntua  in  a  vacuum,  when  the  water  will 
flow  out  in  the  direction  m  a. 

22T.  Velocity  of  ilTeni  and  Btreom*.— The  velocity  of  etreaina 
varies  very  much.  Tlie  slower  class  of  rivers  have  a  velocity  of  leM 
than  three  feet  per  aeoond,  and  the  mure  rapid  as  much  as  sii  feet  per 
•econd,  which  gives  respectively  about  two  and  four  miles  per  hour 

The  vslwitiM  vsrj  in  diffaront  part*  ITS 


of  the  alream,  hu  ■  cartaln  effect  in  re 
tarding  tbu  current.  Tbo  vclucitj  i 
fiiund  to  be  gresloBt  ia  the  middle,  when  U 

■idcB,  being  leiut  &t  a  uid  b. 
Stream 


D  the  velocity  of  si 
means  are  employed.  The  most  simple  is  a  glaas  bottle  fillcl  with 
water,  sunk  just  below  the  level  of  the  current,  and  proTided  at  Um 
cork  with  a  small  flag,  that  stands  alMve  the  surface. 


live  power  of  water  is  of  eiteDsive 
mber  of  macliiDee  driven  b;  waler- 
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A  whaal  luj  alio  be  mcd,  riiTnuhtd  witli  llD»t.-ba*rd>,  plMcd  id  Uie  itrun 
■Bd  imnicncd,  m  tliat  tb*  Hbolt  anrface  pf  Ibe  boirda  ■■  eoiend  witb  walai. 
Th*  friction  in  tbii  cue  ii  Terj  imall,  lo  (taet  tbe  wbee)  reTolTei  wiLh  TC17 
IKmzly  tb>  Teloeit;  al  the  atreun.  Bj  obaerTing  Ihe  number  of  raiolulioDa  of 
Ike  wheel  in  »  giren  time,  tbe  npidit;  of  Ibe  carrent  ii  meuDred. 

To  BHirtun  the  Tnloeit;  et  dilenot  deptba,  the  limplett  inilmment  ia  Pictet'* 
tabe.  It  oonaiiU  ot  ■  tube  bent  neerl/  at  right  ■ogtei,  terminaisd  b;  *  Rinnel- 
iblfed  month;  the  apper  pert  of  the  (nbe,  eboie  water,  ii  orglaei.  To  obwrve 
witb  thia  iailrnmeDt,  it  ia  aank  witb  ita  funnel  up  atream  at  the  depth  where  iU 
Teloeit^ia  reqaired.  If  the  water  w%t  atill,  the  height  of  the  column  within  and 
witbont  the  tube  would  b«  eqoal ;  bat  ai  il  ia  in  motion,  tbe  water  will  rise  In  the  '' 
tab*  to  eODDlerbalaace  tbe  force  with  wbicb  tbe  water  ia  impelled  (Ihe  impnlae 
of  Ike  atream),  tbe  oolnnu  of  water  in  the  tube  riaing  higher  m  tbe  Telocitj'  of 

II.    WATKK-I*OWIft  AND  WATBS-WBEEI.«. 

228.  W«ter-wbeeU.— Tbe  tn 
practical  importaDce,  froiD  the  c 
wbeela. 

229.  Tb«  owersliot  wheel. — Fig.  179  ia  uBod  when  the  supply  of 
water  is  moderate  and  variable.  The  water  is  delivered  at  the  l«p  of 
the  wheel,  which  maj  move  witb    the  ITS 

benda  of  a  watcb,  t«  in  the  figure 

reverse.     It  is  famished  with  buckets  of 

•aeh  a  shape  as  to  retain  as  much  of  the 

water  as   possible,  until  thej  reach  the 

lowMt  practicable  point  on  the  wheel,  and 

Boue  after  that  poitit.    In  this  wheel  the 

eflhet  ia  pjredaced  both  by  impact,  and  by 

the  weight  of  the  water.    Tbe  water  is 

received  as  near  the  summit  as  poB«ibIe,  and  the  buckets  are  so  shaped 

■■  to  retain  the  water  to  the  lowest  priuticable  point  in  its  descent, 

oorresponding  to  abont  Sve  on  tbe  IBO 

Gwe  of  the  watch. 

230.  The  nnderahot  wheel.— 
ng.  180  reeeiree  iia  itopulse  at  the 
bottom;  it  is  furnished  witb  float- 
boards  inatead  of  buckets.    If  thej 
are  placed  at  right  angles  to  the  rim  ~ 
of  tbe  wbeel,  thej  may  turn  either 
way.     WbeD  Ae  wheel  is  required 
to  tarn   only  in  one  direction,  the  ^^ 
flottt-bosrda  are   placed  1 
Bgure,  BO  as  to  represent  an  acute  angle  towards  the  current :  tbe  water 
aeti  then  partly  by  its  weight. 
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The  bt«;jt-irheel. — Fig.  181  is  moved  both  by  thtt  wright  ud 
momentum  of  the  water.  It  U  furaUhed  with  buckets,  fbrmed  to 
retuD  the  water  as  long  as  poasible.  The  braast-wfaeel  h  the  fbnn 
moBt  generallj  adopted,  sa  it  allows  or  a  larger  diwDoter  for  a  gixen 
full  tbao  the  overBhot- wheel,  with  more  eoonomj  of  power  than  the 
DDderahol-whMl  i 

A  more  distinct  idea  of  these  different 
water-wheels  ma;,  perhaps,  be  gained 
b;  illuBtratJon  from  the  face  of  a  watch. 
Id  the  breaet-wbeel,  the  water  tnaj  be 
received  (according  to  the  desired  i 
tion  of  the  wheel)  between  eight  and  i 
eleven  o'clock,  or  between  one  and  font  \ 
oV-loclc.    According  as  the  water  ii 
ceived  above  half-past  nine  or   b 
half-past  three  on  the  watch,  the  wheel  ^ 
is  sailed  a  high  or  low  breast-wheel. 

231.  Bo7den'a  American  Tniblne.—The  turbine  ii  a  hoiiiODtal 
water-wheel,  revjlring  entirely  submerged,  and  is,  of  all  forma  of 
water-wheel,  tlie  most  energetic  and  economical  of  power.  Tfaii 
machine  was  Gret  coDStructed  in  an  efficient  furni  bj  M.  Fonmejron  in 
1827  as  the  result  of  experiments  commenced  in  1823  ;  but  the  honor 
of  perfecting  the  turbine  and  establishing  the  mathematical  principles 
bj  whioh  it  maj  be  adapted  to  everj  variety  of  water-power,  whether 
«-ith  high  or  low  fall  of  water,  in  both  small  and  large  itreamB,  is  dne 
to  V.  A.  Bojden,  Esq.,  of  Massachusetts,  nnder  whose  direction  tur- 
bines have  been  eitensivelj  introduced  in  the  cotton  manufactories  of 
Lowell  and  elsewhere.  Two  of  the  turbines  constructed  under  the 
superintendence  of  Mr.  Bojden  have  been  found  to  give  »  nsefol  eSeot 
to  eighty-eight  per  cent  of  the  power  of  the  irater  employed. 

The  water  enters  the  centre  of  the  wheel,  descending  in  its  rertieal 
axis,  and  is  delivered  through  a  groat  number  of  enrved  guide*  to 
arranged  that  the  water  enters  the  buoketa  in  directions  newly  tangent 
to  the  oircumference  of  the  wheel.  The  water  is  received  by  the  cnrred 
buckets  in  the  direction  of  greatest  efficiency,  and  having  expended  its 
force,  it  escapes  from  the  wheel  in  a  direction  corresponding  very  nearly 
with  the  radii. 

Tha  upper  psrt  of  Sg.  18!  ibaws  ■  hoiiiontal  HoUon  oT  tlis  turblna,  aad  a 
perpendicular  uctioD  li  ibowD  iu  the  lower  put  of  [he  iubo  igun.  Tig.  181 
•huwt  a  eecUon  of  the  turbiue  with  the  iron  iluiee  and  other  attaohtaenti  ai 
thej  eluid  In  the  vheel-piL  The  letters  refer  to  the  aane  parte  in  both  Sfnraa. 
K  K  ia  ■  itaUonsr;  diae  of  raa>.  Iron  inpporlcd  b;  the  dim  tube  H  It  niBda  bil 
to  the  upper  eurb  at  P.     The  carrad  guidai,  gggg,  made  of  plate  iron,  an 
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nenred  to  Iba  dUo  K,  md  to  tbe  rim  L  L  sboic,  Id  inch  ■  niuin«t  u  to  giTa 
I^  leut  pauible  obftTncttoii  to  the  wklar  u  it  flowg  through  tbe  gDidea  <nla 
d»  reTDlrlDg  wheeL  The  urrowi  shDw  iha  coniaa  or  the  wotar  throogh  tba 
iron  aloice  B,  uid  on  Ih*  dies  tbrongb  the  gnidca  into  the  wheel.  The  wheel 
itaalr  conaiita  of  ■  Mnlral  plita  af  cut  iron,  and  of  two  crunni  rccc,  of  tho 
uma  material,  betwean  which  are  tba  oorvad  bucket*  ibib.  Tho  loner  crowo 
i>  Brml7  aeCDred  to  tba  eaotral  plate.  Tbe  baokau  are  let  into  eurTad  grooTei 
Id  ttaa  erowca,  aod  baia  laDoca,  puiing  through  morticaa  in  the  orosiu,  riialed 
Kbora  kod  below. 

ISI 


Tha  T*rt)c*I  ihaft,  dd,  It  made  of  caal  ir 
part.  Tba  tatin  weight  of  tba  wheal  ia  aa| 
to  tba  abaft  and  morlng  in  tba  luapenaion  boT  r.  The  box  t  ia  huDg  upon  gim- 
bkl*  Bt  k  (like  a  mariner'a  eoiopaaa),  anppnrled  hy  framework  rcatiog  in  Ibe 
maaoDT;  of  the  wbeel-plt.  The  lower  end  of  (be  'hefl  l»  eteadiftd  bj  a  pio  paaa- 
inf  into  tba  atepi',  which  ia  a'ljaalsd|i}r  a  irrvw  fill  ia  a  cjlindricHl  gate  which 
dropa  down  between  the  gnidaa  and  Ihe  movable  part  of  the  wheel,  to  regnlale 
lb*  Bow  of  water  aeeordiDg  to  Ihe  amoaot  of  power  required.  Attached  to  the 
gate  u*  tba  brukeU  SS,  connected  with  tbe  ruhwnrk  ind  endlega  acrew  ihown 
•t  IF,  bf  wbiob  Ibe  gate  ia  ralaad  or  lowered.  A  aelf-reguiatlDg  adjuilmeDl  of 
llw  eato  la  aBOBred  bj  a  gOTaroor  not  ahtWD  in  Ihe  Bgnie.     Ordinarj  gearing, 
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altached  to  the  upper  part  of  the  ghafl»  communicaieB  the  power  of  the  wheel  to 
the  iniicLiD<:r7  U>  le  driTen.  The  curved  iron  sluice  E  rests  upon  heams  A', 
TCcared  in  the  a-Lfcnrj  of  the  wheel-pit  and  by  suiucheons  A^V. 

TurUaes  m&j  be  divided  into  high  and  luw  pressure  machines.  High 
pressure  turbines  are  adapted  to  hilly  countries  and  deep  mines  where 
high  fails  of  water  may  be  commanded ;  in  these  cases  the  height  of 
the  cclnmn  of  water  will  compensate  fur  the  sniallness  of  its  volume, 
reservoirs  being  provided  to  keep  up  a  constant  supply. 

The  low  pressure  turbines  produce  great  effect  with  a  head  of  water 
of  only  nine  inches,  and  are  suitable  for  situations  in  which  a  large 
Tulnme  of  water  flows  with  a  small  fall. 

The  results  of  an  investigation  by  Arago,  Prony,  and  others,  who  were 
appointed  by  the  French  Academy  uf  Sciences  to  report  upon  turbines, 
are  as  follows : — 

(1).  That  these  wheels  are  applicable  equally  to  great  and  small  falls 
of  water. 

(2).  That  they  transmit  a  uneful  effect  equal  to  from  70  to  78  per 
cent,  of  the  total  moving  force  uf  the  water  employed  (88  per  cent,  has 
been  secured  by  Boy  den's  wheel). 

(3).  That  they  will  work  at  very  different  velocities  above  or  below 
that  corresponding  to  the  maximum  effect,  without  the  useful  effect 
▼aryiog  materially  from  that  maximum. 

(4).  That  they  will  work  from  one  to  two  yards  deep  under  water, 
without  the  proportion  which  the  useful  effect  bears  to  the  total  force 
being  sensibly  diminished. 

(5).  In  consequence  of  the  last-mentioned  pnjpcrty,  they  utilize  at  all 
tines  the  greatest  possible  proportion  of  puwer,  as  they  may  be  placed 
below  the  lowest  levels  to  which  the  water  surface  sinkn. 

The  mathematical  fonnuin  for  adapting  turbines  to  every  variety  of  water- 
powar,  and  much  other  valuable  inforinaticm,  will  be  found  in  a  treatise  on  the 
Hjrdraalie  Experiments  at  liowell,  by  Mr.  J.  B.  Francis,  from  whoso  work  the 
above  eondensed  description  has  been  principally  obtaiued. 

•mol)h:ular  forces  acting  between  particles  of  unlike 

KINDS. 

I.     CAPILLARITV. 

232  Observation. — Definition. — The  complete  discufiHion  of  the 
action  of  Molecular  Forces  l»etwecn  particles  of  unlike  kinds  belongs 
appropriately  to  Chemical  Physics.  Wo  have  already  noticed  some  of 
the  phenomena  of  a^lhoHion  properly  referable  to  tliis  yection  (147 
and  fcrllowing).  It  now  remains  to  consider  briefly  th<»se  special  capes 
of  this  genenl  subiect  which  affect  the  laws  of  fluid  equilibrium.  Wo 
refer  etpecially  to  the  Phc.icmena  of  CapUlariiy  and  Entiosmose. 
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The  laws  of  fluid  equilibriam  wliiah  we  have  nlrrady  coniiderfi!? 
fcpply  na'.y  to  Teasela  r>f  conwiinmble  disnieter,  id  ^hich  the  pTectt  ;■' 
Bdiieaian  between  litiuids  and  solids  (14R]  nni.;  be  sarelj  Deglected. 

Id  very  oarrow  ressels,  BDd  partiuularlj  id  tubes  of  tnall  bore,  '^hb 
effeuU  of  thin  kind  of  niole>.'ii1iir  uttmutioD  bocome  verj  sensible.  Such 
tubes  are  called  capillary  tubei,  fn>m  tajnUna  a  linir,  in  allusion  to  tbe 
hair-like  fineno^a  of  their  buro.  The  effects  of  such  tubes  on  liquids 
nre  disliDguialicd  by  the  general  term  capUlai-ity. 

23.1.  Oeneiml  faota  In  caplUarltr.— If  tubes  of  small  bore,  open 
at  both  ODds,  are  placed  vertically  in  THter,  the  liquid  is  seen  to  moaut 
Uilh  in  the  tubes  aDd  on  Mie  outside,  fig.  184,  rising  higher  wilbie  a.' 
the  tubes  are  smaller.  If  the  bore  is  over  half  an  inch  in  diniuoter, 
this  effect  is  not  very  sensible.  The  experiment  becomes  more  satr*- 
lactorj  if  made  ia  commuDicatiDg  vessels  (202).  of  which  one  branch 
ii  much  narrower  tbaD  the  other,  as  in  Gg.  18S.  Two  slipa  of  glass 
phinged  in  water,  and  bmught  nenr  each  other,  also  exhibit  the  effect 
of  capillarity.  In  narrow  oomtnunicnting  vessoK  then,  the  lairt  "f 
equality  of  level  do  nut  hold  good. 

If  the  eiperimenl  ia  tried  with  mercury  (which  does  not  wet  the 
fluBs)  there  is  a  depression  of  the  surface  of  tlie  liquid  both  within 
and  withiiut  the  tube,  tig.  180,  and  this  becomes  greater  04  tbe  tuliei 
are  smaller,  as  seen  in  the  two  branches  of  the  communicatiDg  vesseli, 
fig,  187.     In  a  greased  tube  water  ia  similarly  depressed. 


These  phenomena  are  independeDt  of  atmospheric  pressure — tdkiiiR 
place  equally  in  a  vacuum  ur  in  comppesHed  air.  They  are  also  indi-- 
pet-dent  of  tbe  ihickuess  of  the  walls  of  the  tube  (HS),  but  they  vary 
with  the  material  of  the  tube,  and  with  the  nature  of  the  liquid. 

Thuit,  in  tulies  of  (he  same  intemnl  ditiuieier,  placed  in  liquids 
onpable  uf  wetting  th3  surface  of  the  gla^s,  the  elevation  is  diifer«nt  for 
each  liquid,   in  tubes  of  0'04T2  inch  diameter  of  bore,  waUr  rises  0  tlOS 
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inobes  (or  about  4  inohes  in  tubes  of  j^^^  iuch  bore),  essente  of  turpen* 
tine  0*385,  pure  alcohol  0*278,  whale  oil  about  the  same,  while  ethei 
rises  still  less.  In  some  liquids  the  elevatiou  is  scarcely  sensible,  while, 
as  we  have  seen  in  mercury  and  other  liquids  not  wetting  the  surface 
of  the  tube,  there  is  a  depression. 

Form  of  the  snrfEice. — ^These  changes  of  level  are  accompanied  by 
a  change  of  form  in  the  surface  of  the  liquid  in  the  capillary  column. 
It  b  concave  if  there  is  elevation— ^2a7i«  if  there  is  no  change  of  level, 
and  convex  if  there  is  depression.  The  first  case  is  called  the  concave 
nunUcus,  and  the  last  the  convex  meniscus. 

The  cause  of  these  phenomena  is  to  be  sought  in  the  mutual  action 
of  molecular  forces  (146)  and  of  gravity. 

A  needle  covered  with  grea«e,  gently  placed  upon  the  water,  floats,  because, 
not  being  moigtened  by  the  liquid,  there  is  produced  a  depression  in  which  it  ib 
sapported.  Thus,  many  insects  walk  and  skim  on  the  surface  of  water  without 
plunging  in.  Oil  and  other  burning-fluids  in  lamps,  and  the  molted  tallow  and 
wax  of  candles,  are  supplied  to  their  flames  by  means  of  the  capillarity  of  their 
wieks ;  so  there  is  an  absorption  of  liquids  in  wood,  in  sponge,  in  cloth,  and  in 
all  bodies  that  possess  sensible  pores.  * 

234.  Caoae  of  the  carve  of  liqoid  smfaceB  by  the  contact 
of  solids. — The  form  of  the  surface  of  a  liquid  in  contact  with  a 
solid,  depends  upon  the  relation  which  exists  between  the  attraction  of 
the  solid  for  the  liquid,  and  the  liquid  particles  for  each  other. 

Let  A  B,  fig.  188,  represent  a  fluid  surface,  and  D  E  the  surface  of  a  solid 
immened  vertically  in  the  fluid.  Any  liquid  particle,  as  A,  is  submitted  to  the 
tuetlcn  of  three  forces,  viz. :  1st.  Qravity,  which,  as  it 
Sfets  equally  upon  all  the  particles  of  the  fluid,  may  be 
omitied  from  the  present  discussion.  2d.  The  cohesive 
attraction  of  the  fluid  acting  through  the  quadrant 
BAB,  and  haring  its  resultant  in  A  P.  3d.  The  adhe- 
sive attraction  of  the  solid  for  the  particle  A.  This 
lattfer  foree  may  be  considered  as  divided  into  two 
parts;  the  attraction  of  that  part  of  the  solid  above 
the  torface  of  the  fluid,  whose  resultant  will  be  A  Q; 
and  the  attraction  of  that  part  of  the  solid  below  the 
snrfiMe  of  the  fluid,  which  will  have  a  resultant  in  A  Q'.  Let  6  P  E  be  drawn  at 
the  limit  of  sensible  cohesive  attraction  of  the  fluid  for  the  particle  A,  and  let 
A  P,  or  P,  represent  the  intensity  of  the  resultant  of  all  the  cohesive  attraction 
sf  the  liquid  for  the  particle  A ;  also  let  mno  have  the  same  relation  to  the 
adbaire  attraction  of  the  solid,  and  Q  and  Q'  will  represent  the  intensity  of  this 
force  above  and  below  the  surface  of  the  liquid. 

Completing  the  parallelogram  AQCQ',  AC  =  2Q  cos.  45''  will  represent  the 
resultant  of  all  the  attraction  of  the  solid  for  the  particle  A.  On  A  C  and  A  P, 
eonstract  the  parallelogram  A  P  I(  C,  i^id  A  R  will  be  the  fesult^nt  of  A  P 
and  AC. 
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The  direction  of  the  reflulUuit  A  R  will  be  determined  by  the  TaliM  of 
2  Q  001.  45®  —  P  COS.  45®,  or  2  Q  —  P.    There  will  evidently  be  three  eneei : 

2g— P>0,     2Q—P  =  0,     and2g--P<0. 

In  the  first  case  the  renaltant  will  lie  in  the  angle  C  A  E,  and  the  fluid  will 
wet  the  solid.  In  the  second  case  the  resultant  will  lie  in  A  E,  in  the  plane 
wl  ich  separates  the  solid  and  the  fluid.  In  the  third  case  the  resultant  will  lie 
in  the  angle  B  A  E,  and  the  fluid  will  not  wet  the  solid.  In  this  caae  there  is 
no  neceHHity  to  suppose  any  repulsion  between  the  solid  and  the  fluid,  bat  only 
that  the  cohesive  attraction  of  the  fluid  is  more  than  twice  aa  great  aa  the  attrae- 
tion  of  the  solid  for  the  fluid. 

As  the  Kurface  of  a  liquid  is  always  perpendicular  to  the  direction  of  the  foreei 
which  solicit  it«  molecules  (199)  in  the  first  ease,  the  surikce  of  the  fluid  at  A 
will  be  tangent  to  the  plane  M  N,  fig.  189,  which  is  perpendieular  to  the  general 
resultant  A  R.  At  A',  where  the  attraction  is  more  feeble,  the  resultant  A'  R' 
will  be  more  nearly  perpendieular,  and  at  a  point  A",  where  the  sensible  attrac- 
tion is  zero,  the  resultant  A"  R"  will  be  vertical,  and  the  ourre  A  A' A"  will 
become  tangent  to  a  horisontal  plane. 
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In  the  case  of  a  small  tube,  T,  the  concave  surface  of  the  fluid  will  be  sensi- 
bly spherical.  When  2  Q  —  P  —  0,  the  resultant  A  R  lies  in  the  line  A  B,  aad 
the  surfat^e  of  the  liquid  in  contact  with  the  solid  is  horizontal,  becauae  the 
attractive  force  of  the  solid  and  fluid  combined  is  the  same  as  if  the  turfaee  <tf 
the  fluid  waA  indefinitely  extended. 

When  2  Q  —  P  is  Ichr  than  zero,  or  negative,  the  resultant  A  R  will  be  found 
in  the  angle  B  A  E,  and  the  surface  will  be  tangent  to  the  plane  If  N  at  the 
point  A  ;  it  will  therefore  be  convex,  as  shown  at  A  A'',  fig.  190.  In  a  capillary 
tube,  U,  the  surface  will  be  convex  and  sensibly  sphericaL 

235.  Ezperimental  illuBtratioiui. — Capillary  phenomena  are  easily 
explained,  when  wo  know  that  under  the  double  influence  of  the  attrac 
tion  of  a  solid  and  a  liquid,  the  surface  of  the  liquid  may  be  either 
concave,  plane,  or  convex,  as  the  relative  intensities  of  these  forced 
vary ;  we  can  also  sec  that  the  ascent  or  depression  of  the  liquid  in 
capillary  tubes  is  a  direct  consequence  of  the  terminal  form  of  the 
liquid.     This  explanation  is  easily  verified  by  experiment. 

a.  Take  a  bent  tube,  similar  to  fig.  185,  but  let  the  capillary  branch  be 
shorter  than  the  other,  and  pour  water,  drop  by  drop,  into  the  larger  branch, 
the  liquid,  as  it  rises  to  the  top  of  the  tube,  in  the  short  capillary  branch  will 
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prawnt  taeecMiTely  a  eoneare,  then  »  plane,  and  at  last  a  eonrex  surface.  As 
Um  water  stands  in  a  eonrex  form  above  the  end  of  the  tube,  ^e  concave  aar- 
fiMe  in  the  larger  branch  will  rise  above  it,  showing  that  the  rise  of  the  liquid 
above  the  level  due  to  hydrostatic  pressure  depends  upon  the  form  of  the  surface. 

h.  Let  a  capillary  tube,  with  a  small  sphere  blown  in  it,  as  shown  in  fig.  191. 
be  soldered  into  the  bottom  of  a  small  glass  vessel  or  tube,  into  which  mercury 
is  slowly  dropped.  As  the  mercury  rises  into  the  sphere, 
it  will  ti^e,  at  A,  the  form  of  a  very  convex  button.  As 
il  rifles  to  B  B  and  C  C,  the  convexity  of  the  surface  will 
gradually  diminish,  although  it  will  make  a  constant 
angle  (about  45®)  with  the  walls  of  the  glass  sphere,  as 
shown  by  the  dotted  lines.  When  it  arrives  at  D  D, 
where  the  surface  of  the  sphere  is  inclined  45®,  the 
■nrfisee  of  iha  mereury  wiU  be  horizontal,  and  still 
highex  it  will  he  eoneaTa.  These  successive  stages  of 
enrvatare  are  leen  in  lllling  a  mercurial  thermometer. 

This  experiment^  depending  upon  the  constant  angle 
made  by  the  snrfaee  of  the  mercury  with  the  walls  of  the 
tube,  enables  us  to  show  that  the  level  of  the  mercury  in 
the  capillary  tube  Is  higher  or  lower  than  in  the  vessel 
with  which  it  communicates,  according  as  the  surface  is 
eoneave  or  convex. 

The  leod  at  which  a  liquid  may  he  maintained  in  a  capillary  tube 
depends  on  the  diameter  of  the  canal  at  the  upper  level  of  the  liquid, 

e.  An  impressive  verification  of  this  fact  is  obtained  by  soldering  a  capillary 
tnhe  lo  the  top  of  a  glaas  vase  or  low  air-bell,  like  a  cupping-glass  or  beaker. 
If  the  diameter  of  the  oapillary  tube  is  not  more  than  the  one-hundredth  of  an 
ineh,  a  column  of  water  of  the  diameter  of  the  vase  will  be  sustailBed  by  the 
eapillary  force  at  the  height  of  nearly  four  inches — the  height  of  the  column 
requisite  to  restore  equilibrium  being  independent  of  the  diameter  of  the  vase. 

The  same  apparatus  being  reversed  and  plunged  in  a  bath  of  mercury  will 
•▼inee  a  corresponding  depression  of  the  level  of  the  mercury  in  the  capillary 
tabe,  the  vase  remaining  void  of  mercury. 

It  is  evident  from  these  ezperimeDts  that  capillarity  is  a  very 
energetic  force,  and  when  we  remember  that  the  capillary  canals  in 
vegetables  are  usually  smaller  than  the  one-hundredth  of  an  inch,  and 
those  in  the  animal  body  are  very  much  smaller,  it  is  easy  to  under- 
stand the  ascensional  force  of  sap  in  plants,  and  the  functions  of  the 
capillaries  in  animals. 

ti.  By  this  power  it  is  that  the  soil  in  dry  seasons  receives  moisture  from  below 
to  supply  the  waste  of  evaporation, — and  conversely  that  the  benefits  of  rain 
descend  to  the  lower  strata.  Hence  in  dry  climates  the  surface  soil  is  covered 
with  saline  effloresenccs  left  by  the  evaporation  of  water  holding  salts  in  solution. 

e.  Rocks  are  split  by  the  swelling  of  wooden  plugs  driven  forcibly  in  the 
dry  state  into  holes  drilled  for  the  purpose,  and  afterwards  wet  with  water. 

236.  Inflnance  of  the  oarve  on  capillary  phenomena. — The 
ascent  or  depression  of  liquids  in  capillary  spacer,  is  owing  to  the 
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form  of  the  sarfaces.  Lot  abed,  fig.  192,  represent  a  oonca?« 
meniBcus,  the  particles  of  which  are  sustained  in  equilihrium  by  the 
forces  before  mentioned ;  these  particles  do  not  exercise  any  preesnrf 
on  those  below  them,  and  therefore  at  c  6  there  is  a  line  above  which 
the  particles  of  fluid  are  sustained  by  upward  attraction,  and  below 
which  it  is  sustained  by  equal  external  pressure  of  the  oolumn  op. 

192  193 


The  sensible  attraction  of  the  walls  of  the  tube  does  not  extend  so 
far  as  the  perpendicular  height,  d  c,  of  the  curve.  It  is  only  a  small 
portion  of  the  wall  of  the  tube  just  above  the  extremity,  d,  of  the  onrve 
that  supports  the  fluid.  The  action  of  every  part  below  d,  while  it 
tends  to  elevate  the  fluid  below,  also  tends  to  depress  the  portion  of 
fluid  above  it,  and  these  two  influences  neutralize  each  other.  The 
particles  of  fluid  about  d,  and  within  the  limit  of  sensible  attraction, 
are  drawn  upward  by  the  attraction  of  the  tube,  and  these  partiolee, 
by  their  Cohesive  attraction,  support  those  below,  until  the  weight  of 
the  capillary  column  becomes  equal  to  the  adhesive  attraction  of  the 
solid  for  the  particles  within  the  limit  of  attraction  about  the  point  d. 

In  determining  the  height  of  liquids  in  capillary  tubes,  the  height  of 
the  column  supported  by  capillary  attraction  must  be  added  to  the 
elevation  produced  by  external  pressure. 

When,  as  in  fig.  193,  the  meniscus  is  convex,  the  equilibrium  still 
exists,  for  the  liquid  molecules  being  attracted  obliquely  inwards  and 
downwards,  the  downward  pressure  is  greater  than  on  the  exterior  of 
the  tube,  and  therefore  the  surface  of  the  liquid  within  the  tnbe 
descends  until  the  pressure  on  the  base,  mn,  is  the  same  as  on  any 
exterior  point,  g,  of  the  same  layer. 

237.  La'w  of  the  elevation  and  depression  of  liquids  in  oapil* 
lary  tubes. — It  has  been  demonstrated  by  Laplace,  that  the  attraction 
of  the  meniscus  is  equal  to  a  constant  coeflicient,  depending  on  the 
nature  of  the  liquid  and  that  of  the  tube.  In  a  cylindrical  tube  with 
a  circular  base,  experience  has  demonstrated,  that  the  concave  surface 
is  sensibly  a  hemisphere,  with  a  radius  equal  to  half  the  diameter  of 
the  tube.    The  attraction  of  the  meniscus  is,  therefore,  in  inverse  ratio 
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with  the  radius,  or  the  diameter  of  the  tube,  and  in  consequence,  the 
liquid  column  will  be  raised  by  this  force  to  a  height  which  varies 
according  to  its  intensity.  The  length  of  the  liquid  column  contained 
in  the  tube  is  a  little  less  than  calculation  would  indicate,  according 
to  the  aboTO  rule,  because  of  the  weight  of  the  meniscus,  but  this  error 
18  very  small,  less  as  the  capillarity  of  the  tube  is  less,  the  influence 
of  the  weight  of  the  meniscus  decreasing  rapidly  as  the  diameter  of  the 
bore  diminbhes.  The  height  of  the  liquid  in  the  tube  is,  therefore, 
never  absolutely  in  inverse  ratio  to  the  diameter,  but  the  law  is  nearly 
exact  when  we  add  to  the  height  one-sixth  of  the  diameter  of  the  tube, 
which  is  the  correction  required  for  the  weight  of  the  meniscus. 

Corrections  for  this  error  being  thus  made,  the  law  would  be  correct, 
had  the  meniscus  an  accurately  spherical  surface,  but  this  obtains 
only  when  the  diameter  is  very  small  (2  or  3  m.  m.,  '07874,  or 
'11811  inches)  the  surface  in  general  ceases  to  be  truly  spherical,  and 
the  ascent  or  depression  depends  on  the  curve  of  the  surface,  which 
varies  much  more  rapidly  than  the  diameter  of  the  tube. 

238.  Depression  of  mercury  in  capillary  tubes. — The  rapidity 
with  which  capillarity  diminishes,  in  tubes  of  great  diameter,  is  seen  in 
the  following  table : — 


TABLK  or  DEPBB88ION8  OP  MEBCUBT  IH  CAPILLABT  TUBES. 


DlMiietar  of 
tobe. 

DepremloDii  in 

m.  m.  acoording 

to  Laplaoe. 

Aonording  to 
YouDg. 

According  to 
Jaooby. 

CaTendish. 

30*  m.  m. 

0-038 

0031 

0-031 

15-      « 

0-137 

0111 

0-118 

t-131 

10-       " 

0-445 

0402 

0-406 

0-406 

8-      " 

0-712 

0*669 

0-673 

0-820 

6-      " 

1-171 

1139 

1-134 

1-377 

5.        a 

1-534 

1-510 

1-513 

1-735 

4.        « 

2-068 

2-063 

2066 

2-187 

8-        " 

2-918 

2-986 

2-988 

3*054 

2-5    " 

3-566 

2-      u 

4-454 

4-887 

4-888 

4-472 

The  numbers  contained  in  the  first  column  have  been  calculated  by 
Iff.  Bouvard,  according  to  the  formula  of  Laplace ;  those  of  the  last 
two  columns  have  been  obtained  directly  by  experiment. 

239.  Ascent  of  liquids  la  capillary  tubes. — For  all  liquids,  the 
ascent  or  depression  in  capillary  tubes,  decreases  according  to  analo- 
gous laws.  If  the  tubes  are  very  small,  the  heights  augmented  with 
one-sixth  of  their  diameter,  are  inversely  as  the  diameters.  If  the 
tubes  are  very  large,  we  may  ascertain  very  accurately  the  heights  to 
1ft» 
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wliinh  liquids  would  rise  hy  very  complicnted  cnlculHtions,  or  we  mnj 
u1)1«in,  tLfproKhnatelj,  their  capillar^'  eSVuU,  io  suppoeiug  them  pro- 
portional to  tbo  depression  mercury  undergo^  in  tubes  of  the  same 
diameter.  For  the  Hitme  tube,  and  for  the  tame  liquid,  the  capillaritj 
dopeud?  much  on  the  temperature,  decreiuing  more  rapidly  than  the 
doDBity. 

According  to  Osy  Luwan,  the  elevatioD  of  water  in  a  capillary 
tube  of  I  m.  in-  (-03937  iu.)  is  30  ni.  ra.,  (11811  in.)  and  differanl 
liquids  elevate  IhemBelveB,  in  the  xame  tubes,  to  hei){hl8,  which  are  id 
tlie  following  relation : — 

Water, 100- 

Saturated  Bululioa  of  chloride  of  ammonium,      .     102'7 
"  "  Bulpliate  of  potaub,     .  95'7 

"  ■•  "  copper,      .         .       84- 

Nitric  ecid, 75' 

Uydrochlorio  aaid TO'I 

Alcohol 408 

Oil  of  Invender, 375 

S40.  Laws  of  the  aqoilibrinm  of  liquid*  betwesn  parallel  oi 
Inoliued  lomlnn. — Pheuomena  analogoiiH  Iu  Clioiie  presented  in  capil- 
lary tulies,  ma;  be  observed  when  two  Inmins.  plunged  in  a  liquid, 
are  brought  near  to  each  other.  If  the  laminie  are  made  wet.  the 
liquid  elevated  betvrocu  them,  U  terminated  by  a  cylindrical  surface ; 
if  not  moistRDcd,  the  liquid  is  depressed,  and  is  temiinated  by  m  oonves 
BurFttce ;  and  it  in  obsorved  that: — 

Int.  A  liquid  u  Teguiarly  elevated  or  depreited  betaeeit  tieo  lamina, 
iitnertd^  aa  the  iiiimal  icAicA  teparaUi  them. 

2d.   That  the  height  of  Ike  iu 

OMx/aion  or  depreaionfor  a 
given  interval,  it  half  '*^ 
which  vnmld  take  plate  tn  a 
tttbe  hacinff  a  diameter  eqiial 
to  that  of  Iht  iuteroil. 

When  wo  plunge  two  in- 
clined laminte  (with  iheir 
line  of  contact  in  a  vertical  ^ 
position)  in  a  liquid  nhich^l 
weta  tlieni,  a  concave  surface 
may  be  observed  between  them,  fig.  194,  the  liquid  rising  toward  the 
upper  poiut  of  their  line  of  contact.  The  surface  of  the  liquid  takai 
the  form  uf  the  curve  known  in  geometry,  under  tho  name  of  Ibo 
equUatrrid  hyperMa  ;  tliis  curve  is  produced  by  capillaritj. 
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241.  Movement  of  drope  of  liquid  in  conical  tubes  or  between 
buninsB. — ^When  a  drop  of  liqaid  is  coDtained  in  a  coDical  tube,  or 
between  two  lamins  having  their  lines  of  contact  horizontal,  the  liquid, 
if  it  wets  the  tube  or  laminae,  is  terminated  by  195 

two  ooQcave  surfaces,  and  the  liquid  is  drawn 

towards  the  smaller  end  of  the  tube,  or  towards 

the  angle  of  the  laminae,  ».  e.  in  the  direction 

from  m  to  m^,  fig.  195,  because  the  liquid  being 

terminated  by  concave  surfaces,  the  pressure  from  witliuut  inwards 

decreases  as  the  radius  of  the  concave  surface  diminishes,  so  that  the 

resultant  pressure  is  directed  from  m  towards  196 

m^.    If  the  liquid  is  mercury,  or  any  fluid  that 

does  not  wet  the  surrounding  body,  the  two 

surfaces  will  be  convex,  and  the  pressure  from 

without  inwards  will  be  greater  in  proportion  as 

the  radius  of  curvature  becomes  less,  hence  the  resultant  pressure  will 

be  from  m  towards  m^,  fig.  196,  and  the  drop  will  be  driven  towards  the 

larger  end  of  the  tube,  or  towards  the  more  open  parts  of  the  laminae. 

242.  Attraction  and  repnlaion  of  light  floating  bodies. — The 
attraction  and  repulsion  which  we  observe  between  light  bodies  floating 
on  the  surface  of  liquids,  is  due  to  capillarity.  Two  floating  bodies  are 
drawn  near  to  each  other  either  when  both  are,  or  both  are  not  moistened, 
and  repelled  if  the  liquid  wets  only  one  of  them. 

Let  a  and  6,  fig.  197,  be  two  floating  bodies  197 

whose  surfaces  are  wet  by  the  liqaid.  Between 
tlie  bodies  a  small  mass  of  fluid  is  elevated  by 
eapillary  attraction,  of  which  the  point  m  is 
higher  than  the  level  of  a  b,  the  highest  points 
of.  the  exterior  carves. 

The  weight  of  the  column  m  tends  to  draw 
tlie  two  bodies  together,  acting  like  a  loaded 
eord  suspended  between  the  two  bodies.  The 
motaal  cohesion  of  the  molecules  of  the  liquid  ^M 
surface,  m,  causes  it  to  serve  as  a  cord,  and 
the  adhesion  of  the  liquid  to  the  floating  bodies 
at  the  highest  points,  serves  as  the  attachments 
of  the  extremities.  When  the  two  bodies  are 
not  wet  by  the  liquid,  the  liqaid  is  depressed 
between  the  bodies,  and  the  external  pressure 
upon  the  two  bodies  drives  them  together,  as 
shown  in  the  middle  section  of  the  figure. 

When  one  body  is  wet  by  the  liquid,  and  the  other  is  not,  the  result  of  capil- 
lary attraction  is  to  cause  the  two  bodies  mutually  to  repel  each  other. 

If  the  body  which  is  wet  is  removed  beyond  the  influence  of  the  other  body, 
the  eoneave  meniscus  will  rise  on  both  sides  of  the  body  to  the  dotted  line  o,  in 
Um  lower  part  of  the  figure.  In  the  same  manner,  if  the  body  not  wet  were 
aloae,  the  meniscus  of  depression  would  extend  on  both  sides  to  the  dotted  line.  r. 
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If  now  we  suppoge  the  two  bodies  brought  so  near  each  other  that  the  ooncaTe 
meniscns  of  fluid  attached  to  one  body  will  come  in  contact  with  the  oonTex 
depression  of  the  other,  the  surface  of  the  liquid  will  take  a  fonUi  n  k,  intenne- 
diate  between  the  two  curves  which  would  have  been  formed  when  the  bodies 
were  entirely  separated ;  that  is,  the  more  elevated  point  n  will  be  below  e,  and 
the  point  of  greatest  depression  at  k  will  be  above  the  point  r.  The  body  wet 
will  therefore  be  drawn  outward  by  the  weight  of  that  part  of  the  external 
menisoos  which  is  more  elevated  than  the  internal,  as  represented  by  the  distance 
on;  and  the  body  not  wet  will  be  driven  away  from  the  first  by  the  excess  of 
hydrostatic  presssure  due  to  the  difference  of  level,  k  r,  on  the  two  sides  of  the 
fecond  body. 

Escape  of  Liquids  from  Capillary  Tubes. 

243.  Flow  of  liquids  from  capillary  tubes. — Fluids  escaping 
from  capillary  tubes  are  subject  to  the  foUowiug  laws : — 

1.  For  the  same  tube  the  flow  is  proportioned  to  the  pressure. 

2.  With  tubes  having  an  equal  pressure  and  length,  the  flow  isprth 
poiiioncU  to  the  4ih  power  of  their  diameters, 

3.  For  the  same  pressure  and  the  same  diameter,  the  flow  is  in  inverse 
ratio  to  their  length, 

4.  The  flow  increases  vfilh  the  temperature. 

The  inequalities  in  the  flow  of  different  liquids  under  the  same  cir- 
cumstances does  not  seem  to  depend  on  their  viscosity  or  their  density ; 
for  alcohol  flows  slower,  and  oil  of  turpentine,  or  sugar  solution,  faster 
than  water.  So  also  nitrate  of  potash  solution  flows  faster,  and  serum 
flows  less  swiftly,  than  pure  water ;  alcohol  added  to  serum  retards  its 
movement,  while  if  nitrate  of  potash  solution  be  added  to  the  mixture, 
the  serum  recovers  its  usual  velocity. 

These  experiments  made  with  glass  tubes,  were  repeated  on  the  bodies  of  anU 
mals  recently  killed,  by  injecting  the  various  fluids  into  the  principal  arteries. 
The  rosnlts  were  found  to  accord,  tending  to  prove  that  the  circulation  of  blood 
and  other  fluids  in  the  arteries  and  veins  of  living  bodies,  is  snlgect  to  the  tame 
laws  as  the  flow  of  liquids  in  capillary  tubes  of  glass. 

II.    OSMOSE  OR  OSMOTIC  FORCB. 

244.  Osmose,  Ezosmose,  Endosmose. — Osmose  is  the  transmis- 
sion of  liquids  into  each  other  through  the  pores  of  an  interposed 
medium  which  ordinarily  offers  more  resistance  to  the  passage  of  one 
of  the  liquids  than  of  the  other. 

When  a  membranous  sac,  or  a  vessel  filled  with  a  fluid,  and  closed 
by  a  membrane,  is  plunged  into  another  liquid  capable  of  mixing  with 
the  first,  two  currents  are  established  through  the  membranous  partition. 
The  current  from  within  outwards  is  called  exosmose  (from  j^cv  out- 
wards, and  w^Tfio^  impulsion),  and  the  current  from  without  inwards  is 
called  endosmose  (from  evdov  inwards,  and  durfio^). 
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T)i«  more  f^eral  term  omom  has  been  xubstiluted  by  Grnhnm  fm 
tbe  two  cnrrelntWe  terms  juHt  defined,  as  being  a  better  eiprcssioD  nf* 
ftll  the  phenomeDa  concerned. 

Thi  phsnameiia  of  annan  an  cIokI;  allied  lo  Uioh  of  capillaritj.  The; 
h»*  bMD  T*rj  aMuratalf  atadicd,  pftrlicuIuL;  by  Dntrorbac,  wbo  brought 
brwud  hit  rMunhu  Id  1827,  aiid  mora  renatlj  bj  Prof.  Graham. 

245.  XIndaaiiioiii«t«i. — The  eiistenue  and  rapidit;  of  tbe»e  current." 
U  Mcertwuod  b;  the  endotmomtter,  on  iiiBtrumeDt  which  maj  be  thu» 
oonBtmcted.  To  a  membranoua  pouch  or  bladder  ii  fitted,  hermeticallj. 
a  ^aia  tube  aa  in  fig.  198. 

Tbe  jar  or  bladder,  and  part  of  the  tube,  in  filled  with  a  deose  liquid, 
as  a  itroog  ■olution  of  gum  or  sugar,  aad  jgg 

placed  in  a  tall  cjlindrical  jar,  which  is 
tbeo  filled  with  distilled  water,  until  it 
stands  ezactlj  at  the  IbtbI  of  the  Suid  in 
dte  tube.  For  yevj  exact  experiments, 
this  lerel  is  eoDstantlj  maintuncd  bj  the 
•ddidou  to,  or  the  removal  of  the  water 
in  the  outer  jar.  After  a  time,  gum  will 
be  found  in  tbe  outer  Teasel,  a  current 
from  without,  inwards,  also  taking  pliKc. 


If  IT 


raMiT  U» 
jw  of  dit- 


■ell  u  tbe  e 
funt  liqaidp,  wo  may 

■tnelad  aa  foUowa  \-~OTtT  lbs  open  maotb  of 
B  ball  jar,  uf  a  few  ODncei  eapicity,  ia  placed 
a  plaU  of  perioratnd  lioc,  (o  sappurt  Grml;  a 
pian  of  freah  ox-bladder,  wbich  ia  securely 
tied  orar  iL  To  the  npper  aperture  ii  atlached 
a  padnated  tube,  open  at  both  enda,  the  rapa- 
0x3  of  wboie  interior  bears  a  certain  defiaiu 
telalion,  aa  figtb,  lo  that  of  the  loner  open- 
Ine  of  Iba  bell  jai ;  ao  that  a  liae  or  fall  in  Iha 
tabe  M  of  100  to.  m.  (S-*3r  in.)  iudicatea  th*  en- 

(•-03937  ID.)  thickneaa  OTor  the  whole  aurface. 

246.  NeceaaaiT  conditlona. — According  \a  M.  Dutmchet,  in  order 
Buccetafully  to  produce  tbe  phenomena  of  endoamose.  it  is  Decesnarj : — 

1st.  Tkat  tie  liquidr  bt  ruMceplibU  of  mixing. 

2d.  Thai  thq/  art  of  differeni  dauilia. 

34.  Thai  (Ae  tiiaabrane  or  uait  [teptuat)  tehUh  *eparatt»  them  it  per- 
meable lo  one  or  both  liquid*. 

M)it«iiala  for  npttuu. — All  thin  animal  and  vegetable  membranes 
thin  plaice  uf  burnt  claj,  slate,  marble,  pipe-clay.  &c.,  prudui.'e  endciR 
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motic  effects  in  a  more  or  less  notable  degree.  Of  inorganic  materials, 
jthose  which  contain  most  silicic  acid  are  less  permeable.  A  chemical 
action  on  the  materials  of  the  septum,  invariably  takes  place  (except- 
ing with  alcohol  and  cane-sugar  solutions),  whether  it  is  formed  of 
bladder  or  of  earthenware.  Where  the  partition  is  not  susoeptible  of 
being  acted  upon,  the  endosmotic  action  is  very  slight. 

247.  Direction  of  the  corrent. — The  endosmotic  current  is  in 
general  directed  towards  the  more  dense  liquid,  but  alcohol  aod  ether 
are  exceptions ;  they  acting  as  denser  liquids,  although  lighter  than 
water ;  so  also  as  acids  are  more  or  less  diluted,  there  is  endoemose 
towards  the  acid  or  towards  the  water.  The  excess  in  the  quantity  of 
the  liquid  which  passes  into  the  endosmometer,  is  proportional  to  the  sur- 
face of  the  membrane,  and  to  the  different  heights  to  which  the  liquids 
mount  in  capillary  spaces,  the  elevation  taking  place  from  that  side  of 
the  liquid  which  has  least  capillary  action. 

248.  Organic  Bolationa. — Neutral  organic  substances,  such  as 
gum-arabic,  urea,  and  gelatine,  produce  but  little  endosmotic  action. 
Of  all  vegetable  substances,  sugar  solution;  and  albumen  among 
animal  bodies;  are  those  which,  with  equal  density,  possess  the 
greatest  power  of  endosmose.  The  figures  attached  to  the  following 
substances,  indicate  the  proportional  height  to  which  the  liquids  rose 
when  the  endosmometer,  being  filled  successively  with  solutions  of 
them,  of  thef  same  density,  was  placed  in  pure  water :  gelatine  3»  gum 
5,  sugar  11,  albumen  12. 

249.  Inorganic  aolutiona. — Neutral  salts  do  not  possess  any  pecu- 
liar power  of  endosmose,  but  diffuse  themselves  with  nearly  the  same 
rapidity  as  if  no  porous  partition  was  used.  Alkaline  solutions  greatly 
accelerate  endosmose.  This  may  be  observed,  even  in  solutions  which 
contain  but  1  part  of  the  alkaline  salt  in  1000  of  water.  In  mode- 
rately dilute  solutions  (containing  not  more  than  2  per  cent,  of  the  salt) 
the  action  is  most  rapid. 

The  soluble  salts  in  the  soil  are  taken  up  by  the  rootlets  of  plants  by 
the  combined  action  of  capillarity  and  endosmose ;  the  salts  entering 
the  plant  more  rapidly  than  the  water  which  holds  them  in  solution. 

250.  Endosmoae  of  gases. — There  is  endosmose  between  ga^es,  as 
between  liquids ;  if  we  connect  two  vessels  containing  different  gases, 
having  a  dry  membrane  between  them,  the  gases  will  gradually  mix, 
equal  currents  being  established  in  both ;  but  if  the  membrane  is  moist, 
unequal  currents  (that  is,  endosmose)  are  formed.  Thus,  a  soap  bubble 
placed  in  a  jar  of  carbonic  acid,  will,  in  a  little  time,  burst,  owing  to 
the  increase  of  volume  caused  by  endosmose. 

251.  Theories  of  endosmose. — Many  theories  have  been  proposed  to 
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aeeonnt  for  theie  phenomena :  snoh  m  that  endosmose  was  doe  to  an  nneqaal 
fiseority  of  the  two  liqatds ;  to  cnnrenta  of  electricity  passing  in  the  direction 
of  Uie  endonnose ;  to  the  onequal  permeability  of  the  membrane  for  the  two 
liquids,  or,  that  the  phenomenon  was  due  to  capillary  action,  joined  to  the  affi- 
nity of  the  two  liquids.  Very  probably  endosmose  depends  on  the  same  forces 
that  prodnce  capillarity,  bat  obviously  they  are  not  the  only  forces  which  exert 
influence,  for  we  find  that  hea^  which  always  diminishes  capillarity,  augments 
the  strength  of  the  endosmose. 


Problems  on  Hydrodynamics. 
XUastioity  of  Liquids. 

93.  A  euhie  foot  of  water  at  the  freezing  point  is  submitted  to  a  pressure  of  20 
almofpheree.  How  great  is  the  condensation  ?  and  what  is  the  specific  gravity 
of  the  condensed  liquid  ? 

94.  What  is  the  specific  gravity  of  sea  water  at  the  depth  of  three  miles, 
reekoning  the  specific  gravity  at  the  surface  1026,  and  the  compressibility 
0*0000436,  and  allowing  a  column  of  fresh  water  33  feet  high  to  equal  the 
prewnre  of  one  atmosphere  ? 

95.  How  much  would  the  volame  of  a  cubic  foot  of  alcohol,  at  45®  Fahrenheit^ 

be  diminished  by  a  pressure  of  four  atmospheres  ?  tC^E- 

Hydrostatic  Pressure.  B^^ 

96.  In  the  hydrostatic  press,  given  the  diameters  of  the  two  cylinders  A  and 
B,  and  the  force  applied  to  the  pump  P :  determine  the  pressure  produced. 

97.  In  the  hydrostatic  press,  suppose  the  diameter  of  the  smaller  cylinder  to 
be  1  inch,  and  the  diameter  of  the  larger  cylinder  to  be  15  inches,  the  length  of 
the  pump-handle  to  be  3  feet  from  the  fulcrum,  and  the  distance  of  the  piston  2 
inches  from  the  fulcrum,  the  lever  being  one  of  the  second  order :  what  is  the 
relation  of  the  pressure  exerted  to  the  power  employed  ? 

98.  A  cubical  vessel  is  filled  with  fluid :  compare  the  pressures  upon  the  sides 
and  bottom. 

99.  A  slender  rod  is  immersed  vertically  in  a  fluid :  divide  it  into  three  por- 
tions which  shall  be  equally  pressed. 

100.  Compare  the  pressures  on  two  equal  isosceles  triangles  just  immersed  in 
the  same  fluid,  one  with  its  base  upwards,  the  other  with  the  base  downwards. 

101.  A  cylindrical  vessel  is  filled  with  a  heavy  fluid :  what  proportion  does 
the  pressure  on  the  cylindrical  surface  bear  to  the  entire  weight  of  the  fluid  ? 

102.  If  the  tube,  T,  of  the  water-bellows,  fig.  144,  is  10  feet  high,  and  the 
sorlaee  of  the  bellows,  B  G,  is  18  inches  in  diameter,  what  weight  will  be  sus- 
tained when  the  tube  is  filled  with  water  ?  and  what  when  the  tube  is  filled  with 
mercury? 

103.  The  fides  of  a  hollow  pyramid  are  isosceles  triangles,  the  base  is  a 
rectangle  having  sides  a  and  6,  and  the  height  of  the  pyramid  is  r.  If  the 
pyramid  be  placed  with  its  base  on  a  horizontal  plane,  and  filled  with  water, 
bow  does  the  whole  amount  of  pressure  on  the  four  sides  compare  with  the 
preesure  upon  the  bottom  ? 

104.  A  hemispherical  vessel,  6  inches  in  diameter,  without  a  bottom,  stands 
on  a  horizontal  plane.  When  just  filled  with  water,  the  liquid  begins  to  run  oat 
St  the  bottom.    Determine  the  weight  of  the  vesseL 
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105.  Wb»t  height  mast  a  column  of  mercury  have  to  halanM  » 
water  25  feet  high  in  a  communicating  veuel  ? 

106.  If  a  vessel  of  water  communicates  with  a  Tessel  of  ether»  standing  at  a 
height  of  20  inches,  at  what  elevation  will  the  water  f  tend  ? 

Buoyancy  of  Liquids. 

•107.  A  man  exerting  all  his  force  can  raise  a  weight  of  300  lbs. :  what  would 
Ire  the  weight  of  a  stone  {Sp.  Gr.  =  2*5)  which  he  could  just  raise  under  water? 

108.  If  a  given  piece  of  silver  be  balanced  by  i*.>s  weight  of  iron  in  air,  what 
addition  mast  be  made  to  the  iron  so  that  the  iron  and  silver  may  be  in  equili- 
brium when  immersed  in  water  ? 

109.  Uow  much  will  12  ounces  of  gold  weigh  when  immersed  in  alcohol  (iSjp. 
iSfr.  =  0-7»8)? 

110.  If  an  alloy  of  gold  and  silver,  weighing  22  ounces  in  air,  loees  1^  onnoei 
when  weighed  in  water,  how  much  of  the  alloy  is  gold,  and  how  much  filver  ? 

111.  To  avoid  imposition  in  the  purchase  of  lead  (due  to  the  ftaadulent  intro- 
duction of  pigs  of  iron  encased  in  lead),  the  Russian  government  are  in  tlia 
habit  of  weighing  the  lead  offered  for  sale  with  weights  of  lead,  on  a  balance  so 
arranged  that  both  pans  can  be  immersed  in  water  after  they  are  brought  to 
equilibrium.  If  the  equilibrium  remains  undisturbed,  the  lead  is  pure.  OUier- 
wise  its  degree  of  adulteration  can  be  calculated.  Suppose,  by  the  above  leet» 
that  1500  lbs.  of  commercial  lead  is  found  to  be  adulterated  to  such  a  degree  as 
CO  require  the  addition  of  10  lbs.  of  load  weights  under  water  to  produce  equi- 
librium, what  is  the  amount  of  iron  encased  in  the  commercial  lead  {Sp»  Or,  of 
lead  =  ll'iS ;  of  cast  iron  =^  7*64)  ? 

Floating  Bodies. 

112.  Supposing  the  specific  gravity  of  a  man,  of  water,  and  of  oork,  to  be 
1*12,  1,  and  0*24  respectively,  what  quantity  of  cork  must  be  attached  to  a  man 
weighing  150  lbs.,  that  he  may  just  float  in  water  ? 

113.  A  cylinder,  whose  length  is  greater  than  its  diameter,  having  aspeeifle 
gravity  of  0*63,  floats  in  water,  what  portion  of  the  diameter  of  the  cylinder  is 
immersed  ? 

114.  What  is  the  bulk  of  a  hollow  vessel  of  copper,  weighing  5  lbs.,  whieh 
just  floats  in  water  ? 

115.  lluw  much  bulk  must  a  hollow  vessel  of  iron  occupy,  weighing  «»ne  ton, 
that  it  may  float  with  only  one-half  its  bulk  immersed  in  water  ? 

116.  A  ship  entering  a  river  from  the  ocean  sinks  2  inches,  and  after  dis* 
charging  12,000  lbs.  of  cargo  rises  one  inch ;  what  is  the  weight  of  the  ship  and 
cargo,  reckoning  the  specific  gravity  of  sea  water  1*026  ? 

117.  A  life-boat  contains  100  cubic  yards  of  wood  {Sp.  Or,  =  0*8),  and  5t 
cubic  yards  of  air  {Sp.  Or.  =  0*0012).  When  filled  with  f^h  water,  what 
weight  of  iron  ballast  {Sp.  Or.  =  7*645)  must  be  thrown  into  it  before  it  wiU 
fink? 

1 18.  A  parallelepiped  of  ice  whose  dimensions  are  15*75  yards,  30*46  yards, 
and  10*5  yards,  is  floating  in  sea  water  on  its  broadest  face ;  the  speeifie  gravity 
of  sea  water  is  1*026,  and  that  of  ice  0*93.  Required  the  height  of  the  ioe  abofv 
the  surface  of  the  water. 

110.  When  two  persons,  A  and  B,  descend  together  to  the  bottom  of  a  lake  la 
a  cylindrical  diving-bell,  it  is  observed  that  the  water  stands  1  inch  lower  within 
the  bell  than  when  A  descends  alone ;  the  pressure  of  the  ateiosphere  is  equal 
U^  a  column  of  water  33  feet  high,  the  diameter  of  the  bell  is  4  feet,  and  the  sar- 
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l»  <•  of  tbe  wfttor  within  it,  at  the  bottom  of  the  lake,  u  20  feet  below  the  surface 
ol  the  lake ;  And  the  rolame  of  B. 

i20.  A  piece  of  flint  glass  weighs  in  air  4320  grains,  and  in  water  it  weighs 
51 15  grains :  what  is  its  specific  graTity  7 

121.  Determine  the  specifle  gravity  of  granulated  tin  from  the  following  data : 
Weight  of  bottle  filled  with  water  at  50°  P.,  .     44-378  grammes. 

««        "   tin, 9  431        " 

"        «   bottle  tin  and  water,       ....     52-51 5        '* 

122.  The  same  specific  graritj  bottle  used  in  the  last  example  is  supplied  wijth 
7*432  graaunes  of  powdered  glass.  The  weight  of  bottle  water  and  powdered 
glass  is  49-859  grammes,  what  is  the  specific  grayitj  of  the  powdered  glass  ? 

123.  A  body  weighs  14  lbs.  in  air,  and  9  lbs.  in  water ;  juiother  body  weighs 
81  Ibfl.  in  air,  and  7  lbs.  in  water :  what  are  their  respective  specific  gravities, 
and  how  do  they  compare  with  each  other  ? 

124.  The  ooanterpoise  of  a  Nicholson's  hydrometer  requisite  tc  sink  it  to 
mo  weighs  26  grammes ;  with  a  piece  of  brass  on  the  upper  pan  it  requires 
8*171  grammes  to  sink  it  to  xero,  and  10-241  grammes  when  the  same  piece  of 
brass  is  on  the  lower  pan :  what  is  the  specific  gravity  of  the  brass  ? 

125.  A  Fahrenheit's  hydrometer  weighs  700  grains — to  sink  it  in  water  300 
grains  are  requisite  (volume  of  water  =  to  volume  of  hydrometer  =  1000 
grains),  placed  in  alcohol  132  grains  are  required  to  bring  it  to  zero  (832  grains 
=  volume  of  alcohol  =  volume  of  hydrometer).  What  is  the  specific  gravity 
of  the  alcohol  ? 

Motion  of  Liquids. 

126.  What  volume  of  water  will  flow  from  an  orifice  2}  inches  in  diameter,  in 
7  seeonds,  if  the  centre  of  the  orifice  is  10  feet  below  the  surface  of  the  fluid  ? 

127.  A  vessel  20  feet  deep  is  raised  5  feet  above  a  plane :  bow  far  will  a  jet 
reaeh  issuing  5  feet  from  the  bottom  ? 

128.  A  jet  of  water  issuing  from  a  vessel,  3  feet  below  the  surface,  and  an 
equal  distance  above  the  horizontal  plane  on  which  it  falls,  is  seen  to  have  a 
horixontal  range  of  2*3  feet;  how  does  the  velocity  of  discharge  compare  with 
tiie  theoretieal  velocity  ? 

129.  A  jet  of  water  issues  from  a  cylindrical  adjutage  2  inches  in  diameter, 
6|  inehes  long,  with  a  head  of  10  feet.  What  amount  of  water  is  discharged 
per  hour  ? 

130.  What  qnantity  of  water  will  be  discharged  per  day  through  a  tube  one 
inch  in  diameter  and  19  feet  long,  under  the  pressure  of  21  feet  head  ? 

131.  If  a  fire-engine  discharges  18*8  cubic  feet  of  water  through  a  |  inch 
pipe  in  one  minute,  how  high  will  the  water  be  projected,  the  pipe  being  directed 
rertieally  ? 

Capillarity. 

132.  What  will  be  the  difference  of  level  in  a  glass  tube  j)^  inch  diameter, 
bent  in  the  form  of  the  letter  U,  when  one  branch  is  filled  with  mercury  and  the 
other  branch  with  alcohol  ? 

133.  A  bloek  of  marble  10  feet  long  and  2  feet  thick  (the  tenacity  of  marble 
being  9000  Iha.  to  the  square  inch),  is  burst  asunder  by  the  capillary  attraction 
of  a  aeriea  of  wooden  plugs.  The  series  of  plugs  being  8  inches  apart,  1  inch 
in  diameter,  and  5  inches  long,  the  plugs  are  driven  dry,  and  afterwards 
allowed  to  absorb  water  by  capillarity.  What  height  would  be  required  for  a 
■ories  of  eolomns  of  water,  acting  upon  the  orifices  where  the  plugs  are  inserted, 
lo  prodaoe  a  similar  mptnre  of  the  marble  ? 

20 
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CHAPTER  IV. 

OF  ELASTIC  FLUIDS,  OR  OASES. 
PneumatiCB. 

I.     DISTINGUISHING    PROPERTIES   OP   OASES. 

252.  Definitions. — PneomaticB  —  Qases,  vapon, — tension. — 
Pneumatics  (from  Flveu/iay  a  spirit  or  breath,)  is  a  subdivision  of  the 
general  subject  of  Hydrodynamics  (186),  and  is  devoted  to  the  ocnsid- 
eration  of  the  properties  of  elastic  fluids. 

Oases  are  elastic  fluids,  aeriform,  transparent,  and  usually  colorless 
and  invisible.  The  blue  color  of  the  air  is  due  to  watery  vapor  in  the 
atmosphere.  In  gases,  the  molecular  force  of  repulsion  (146)  prevails 
over  the  force  of  attraction — and  in  the  permanent  gases  this  force  has 
never  been  overcome. 

Vapors  differ  from  gases  chiefly  in  that  they  are  produced  by  the 
action  of  heat  upon  liquids — as  steam  is  produced  from  water ;  and  by 
their  returning  again  to  the  liquid  state  at  ordinary  temperatures  by 
the  loss  of  heat. 

Tension  is  an  expression  for  the  tendency  of  a  gas  to  expand ;  the 
degree  of  expansive  force  in  each  gas  being  specific  and  varied  by  tem- 
perature, and  mechanical  means. 

Otuetf  timpU  or  compound. — Of  the  thirty-foar  gaseous  bodies  koown  in 
obemistry,  four  only  are  simple  or  elemeotary,  rii. :  oxygen,  nitrogen,  hydrogen, 
and  chlorine.  The  three  first  named  of  these  gases,  together  with  the  eompound 
gases,  oxyd  of  carbon  {CO)  and  the  binoxyd  of  nitrogen  {N 0,),  are  the  only 
aSriform  bodies  which  have  thns  far  resisted  the  anited  effects  of  oold  and  pres- 
sure, and  permanently  retained  their  gaseous  state.  Hence  they  are  called 
permanent  or  incoercible  gases. 

All  other  gases,  whether  simple  or  compound,  bare,  by  the  means  named, 
been  coerced  into  the  liquid  or  solid  state,  and  are  henoe  called  non-jMrmamemt 
or  coercible  gases. 

253.  Expansion  of  gases. — Expansion  is  the  most  oharaoteristie 
property  of  gases.  This  molecular  force,  for  all  that  appears,  would 
separate  the  particles  of  a  gas  indefinitely  through  all  space,  were  there 
no  counteracting  causes. 

Under  normal  conditions,  the  atmosphere  is  in  a  state  of  eqailibriom 
between  the  earth's  attraction  and  its  own  expansive  force.     If  ire 
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evidenoe  of  the 


disturb  tibia  oonditioti  of  equilibrium, 
of  the  power  of  eipnnaion.  In  fig. 
199,  a  moist  bladder,  partlj  Glled  with 
ur,  is  Babjected  to  a  p&rtial  vacuum 
under  the  air-bell.  As  the  preiiure 
in  the  bell  is  diminiahed  bj  working 
the  wr-pump,  the  portion  of  confined 
air  eipanda,  and  distende  the  flaccid 
bladder  until  it  filU  the  jar.  At  noon 
at  the  eqailibrium  of  pressure  is  re- 
etored  bj  opening  a 
with  the  external  ai 
again  to  its  original  dimensionB. 

It  appears,  therefore,  that  gases,  like 
liquids,  are  in  a  itate  of  equilibrium, 
Ihe  onlj  difference  in  the  conditions 
of  equilibrium  being  that,  in  liquids. 
Ibis  state  results  from  the  opposite 
affbots  of  the  two  molecular  forces;  while  in  gases,  the 
ia  held  in  control  bj  gravitj,  or  some  extraneous  force. 

254.  Heobanioal  oondltion  of  gases. — Perfect  freedom  of  motion 
among  tbeir  particles,  aa  a  consequence  of  equilibrium,  brings  gases 
under  the  general  definition  of  fluids.  Being  also  elastic,  ponderable, 
and  impeoetrabte  (14),  it  follows  that  all  the  charncteriBtic  properties 
of  liquids  alrendj  discussed,  applj  also  to  gases.  Atmospheric  air  is 
the  type  of  permaoeiit  gases.  For  ils  chemical  constitution,  reference 
is  made  to  chemiatrj. 


-The 


■  ON    TO    BOTB    LiqUinS   AND  OASES, 

255.  Gtaaea  trsnamlt  piesanie  «qnallj  In  all  dliOcUons.- 
theorem  of  Pascal,  alreadj  demonstrated  with  respect  to  liquids  ( 
is  also  true  of  gases. 

Suppose  the  ressel,  fig.  200,  to  bo  filled  with 
air  in  the  usual  state  of  leDsion.    Bj  its  elaa-  ^ 
ticitj  it  eierte  an  equal  pressure  in  all  din 
tioDS ;   and   bj   the   reaaoning   in  (  1S9,  the  ' 
pressure  it  exerts  on  the  pistons 
in  proportion  to  their  areas.    ' 
true  of  any  part  of  the  inner  surface  o 
Teasel,  or  of  any  section  of  it 

If  the  air  witbin  and  without  the  vessel  has  the  same  lenaion,  then 
ttw  pslons  hare  no  tendency  to  move,  the  inner  and  outer  pressurai 
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exactly  balancing  each  other.  Any  preraure  applied  ap«m  either  of 
the  pistons  develops  an  increase  of  elastic  force  in  the  gaseous  contents 
of  the  vessel,  proportioned  to  the  amount  of  compression.  This  pree- 
sure  reacts  on  every  portion  of  the  inner  surface  of  the  vessel,  and  moves 
each  of  the  other  pistons  outwards  with  a  force  proportioned  to  its 


The  chief  difference  between  the  transmission  of  pressure  in  gases  and  liqoid* 
is,  that  in  gases,  owing  to  their  elasticity,  the  effects  of  pressure  are  not  felt  ae 
lung  distances,  so  instantaneously  as  in  liquids. 

The  distribution  of  illuminnting  gas  in  cities  through  many  miles  of  pipes 
illustrates  both  the  law  and  the  exception. 

The  reaction  due  to  elasticity  prevents,  as  is  well  known,  the  driving  of  § 
blast  of  air  in  an  effective  manner  through  small  and  tortuous  passages. 

The  laws  and  illustrations  regarding  the  pressure  and  equilibrium  of  liquids 
contained  in  ^^  191,  192,  193,  and  199,  are  also  true  of  gases;  and  it  is  there- 
fore needless  to  repeat  them  in  this  connection. 

256.  The  atmosphere. — Its  general  phenomena. — A  vast  s<$rial 
ocean  rests  u\.jn  the  surface  of  the  earth,  penetrates  even  its  solid 
crust,  and  is  dissolved,  to  a  certain  extent,  in  its  waters.  It  is  composed 
of  the  two  incoercible  gases,  nitrogen  and  oxygen,  in  the  proportion  of 
nearly  four  parts  of  the  first,  to  one  part  of  the  second,  hy  measure. 
It  is  held  in  its  place  by  the  force  of  gravitation,  which,  counteracting 
the  molecular  force  of  repulsion,  brings  it  to  equilibrium  at  aliout  forty- 
five  miles  above  the  earth.  This  height  of  the  atmosphere  has  been 
determined  chiefly  from  the  phenomena  of  refraction,  as  observed  in 
its  effect  on  the  rising  and  setting  of  the  heavenly  bodies. 

It  is  the  opinion  of  Bunsen  and  others  that  the  atmosphere  extends  to  a  dis- 
tance of  about  200  miles,  although  its  density,  above  45  miles,  is  too  small  tm 
refract  light  to  such  a  degree  as  to  enable  us  to  observe  it.  Many  pneomatie 
experiments  are  thought  also  to  indicate  an  altitude  of  the  atmosphere  exceeding 
45  miles. 

The  atmosphere  partakes  of  the  motion  of  the  earth,  but  its  state  of 
rest,  with  respect  to  bodies  on  the  earth's  surface,  is  disturbed  by  winds 
and  currents,  caused  by  agencies  to  be  considered  hereafler. 

Like  the  ocean,  the  upper  surface  of  the  atmosphere  must,  theoretically, 
have  a  definite  surface,  since  each  particle  is  influenced  by  gravity  in 
a  similai  manner,  and  the  resultant  direction  of  these  actions  at  any 
point  must  be  a  radius  of  the  earth  (199). 

It  follows  from  {191,  that  each  molecule  of  air  exerts,  at  a  given 
level,  the  pressure  due  to  the  weight  of  a  continuous  line  of  molecules, 
extending  vertically  from  the  point  chosen  to  the  outer  limits  of  the 
atmosphere.  Therefore  its  upward  pressure  (192),  its  pressure  ontChe 
sides  of  any  vessel  (193),  and  its  buoyancy  (205),  are  the  same,  and 
governed  by  the  same  laws  as  those  already  enunciated  for  liquids; 
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provided  aliraTB  thn.t  there  ia  a  ooromunlcBtion,  however  email,  between 
the  outer  air  and  the  interior  oFbuj  gireii  TUHRel. 

257.  Atmospberic  preaante. — The  great  weight,  aud  comtcqiient 
prCMiure  of  the  Atmosphere  upon  bodies  ne&r  the  surface  nf  the  earth. 
yraa  unauspected  Li;  mnnkiod  io  geoernl.  until  TurriL-elli.  in  1643,  lirst 

As  it  ia  exerted,  in  obedience  to  the  kws  of  Huid  equilibrium  ( 199). 


d'lce  aboro,  bolow.  and  on  the  sides  of  all  bi>di 
m  >ve8  abiiut  uQumsciouH  that  he  sustains  n 
pounds,  or  more  than  fifteen  tons.     If  thi 
moted  rrom  one  tiurfoce  of  a  body,  its 


lad  of  over  30.000 
ure  is  partially  re> 
then  beeo 


, in  Iha  j»t  i«  gmdunllj 

ibc  bloddBF  bwnmpi  mure  lod 
s(f,  viih  A  Bhftrp  nport,  owing 


._-  ,  .mp,  ths  Barfslw  at 
SomUj.  Iha  DiMnbtftDa  bn 
BttOQcphBra  nuting  op..ii  iL 

Tbia  siperimentdeaiDasiriilei  Iha  dowaittrd  prBiaore  of  tb 

tU  upward  prarure  is  illuetrated  by  the  npparutus  m 

A  glui  j&r  baring  jm  open  buttom,  and  aiutainnd  nn  a  iri 

ma  iniMrTiuu  saDDIcbuae  ba^.     Wben  a  pBitiitl 

Ihrodfh  tha  nppar   opaning,  tha  yialdiog  b&f 

•vighl  which  u  hung  bnlow.     Tbia  lieiiVj  maai 


ticallj  awlad  b;  n  blnddar 
Iho  -all-ground 
8(ed  hj  working 


Tha 


pring  by  tha 


ir  msy  hIbo  be  lllngli 
mblac  FU1  s  tumblar  witb  w&tir.  ■ 
ba  plpar  In  Iti  pUcB  by  Uying  upon  it 
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upwmrd  preiiurs  of  Iha  ■tmgijibBre  will  then  rslsia  tbe  pkpcr  in  lU  plaM,  Bloring 

The  pratsure  of  the  air  from  all  sides  is  Bhuwn  by  Iho  well-kQOwn 
Magdeburg  hemispherefl. 

Thie  appuralii*  la  eompDiciI  of  tna  hollDw  bemi- 
■pbi>rea  of  brus,  flg.  2U3,  wboaa  iici:uratc1<r  fllting 
eigti  an  well  grouecl.  One  of  Ibe  bnmlapburei  ia 
rurDiBbeil  witb  ■  itop-cauk,  bj  nbicb  conoeetion 
ia  mode  iritb  an  air-pump.    Plwiag  Ibis  appursius 


teparated,  no  matlor  in  wbal  paiilion  lb«j  iD><r  bi 
hold;  proving  tbat  bba  atnioapberic  preaaure  wbi^t 
alano  keep*  Uio  hemiipberea  logotber,  ia  oicrled  k 
all  direollona.  Rioga  adapted  id  each  botDispbero 
enable  Iwo  penoni  to  leat  Ihtilr  atreagtb  agsioal 
the  atinoapberio  preaanra.  Otto  V.  Ouerlck,  vhc 
invcDied  Ibetn,  emploirod  a  pair  wbiob  beld  all  tbi 

Tbeie  illaatral.ioaa,  eaail;  multiplloc 
deuce  it  Ibe  fact  of  atuiiiapherio  preaiu 

21)8.  Buoyancy  of  air. — Rodiei  ledghrd 
in  air  are  mittained  or  buoyed  up  by  aj'onx 
eqnal  tii  Out  vxight  of  l/ie  eolntne  of  air  dit- 
plated,  in  Miwrdiuice  witli  the  Archimedoan 
prinolple  (20S). 

Thia  law  is  well  iUustrated  b;  the  appa- 
ratus BSdD  in  fig,  204.  A  holluw  globe  of 
brass  is  couoterpoised  on  one  arm  of  u  balance 
by  B  brass  weight  at  the  other  end.  Placed 
UD  the  plate  of  an  air-pump,  and  ouvered  by  ■ 
a  bcll-glasA,  the  air  may  bo  removed  from  \ 
oontai't  with  the  two  masses  previuuBly  in 
equilibrium;  and,  inproportiop 

is  produced,  tbe  globe  begins  to  preponderate  by  a  ' 
greater  than  the  aetion  of  gravity  upon  the  counterpoiw 
of  its  own  Tolume  of  air  is  greater  than  tbat  of  the  ooonterpohe. 

The  brass  and  platinum  weights  used  in  delicate  determinations  of 
weight  are  standards  only  when  in  vacuum.  Let  us  then  represent  tlie 
TarluuR  values  as  follows  : — 

IT  ==  weight  of  tbe  bod;  In  air  aa  eatimated  bj  atnodnrd  weighu,  and  alH 
Iho  weiEht  ot  the  aUodird  waigbu  tbrraeelvoe  ia  a  Taauniu. 

7"  -=  tolume  of  lbs  iCandard  weights  in  eubio  juchea, 

V  ^  TolaniB  Dt  the  body  in  cabio  insbea. 

m  z=  weight  of  one  cubic  inch  of  air  at  Ibe  lime  of  (ho  woighing. 

W  =  weight  of  tbe  bodj  in  a  vaoann — which  we  wUh  W  llnd. 
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We  can  now  easilj  deduce  Uie  following  values : — 

Pw  =  Imojaney  of  air  on  the  weights. 

Vw  =  hnoyancj  of  air  on  the  body. 

IP —  Pw  =  actaal  weight  of  standard  weights  in  air. 

W —  Vw  =  actaal  weight  of  body  in  air. 

Since  these  weights  just  balance  each  other,  we  have, 

W—rw=W—rw,    or  W  =  W -\- u>  {V—V). 

The  eorreetion  w  ( V—  V),  which  mast  be  made  to  the  weight  determined  hy 
Um  balance  In  air  in  order  to  obtain  the  weight  in  a  vacaam,  is  cTidently  oddi- 
tlve  when  the  volame  of  the  body  is  greater  than  the  weights,  and  sabtractiTe 
when  tliese  eonditions  are  reversed.  When  the  volumes  are  equal,  the  correction 
beeomes  sero,  and  the  balance  yields  the  same  results  in  air  as  in  a  Tacuum.* 

If  a  vessel,  whose  capacity  is  100  cubic  inches,  is  exhausted  of  air 
and  weighed,  fig.  205,  and  after  filling  it  with  dry  air  at  the  ordinary 
temperature  and  pressure,  it  is  weighed  again,  it  will  205 

be  foand  that  its  weight  is  31*074  grains  more  than  at 
first;  that  is,  100  cubic  inches  of  air  weigh  31*074 
grains.  Air  is  the  standard  of  comparison  in  density 
for  all  gases  and  vapors. 

259.  Impeuetrabilitj  of  air. — Air  is  impenetrable. 
This  may  be  shown  by  inverting  a  hollow  vessel,  as  a 
tambler,  upon  the  surface  of  water;  when  pressed 
downward  the  water  will  not  rise  and  fill  the  tumbler, 
because  of  the  impenetrability  of  the  air.  The  diving- 
beU  depends  on  this  quality  of  air :  it  consists  of  a  large 
bell-shaped  vessel,  sunk  by  means  of  weights  into  the 
aea,  inth  its  mouth  downwards.  Notwithstanding  the  open  m(»uth, 
and  enormous  pressure  of  the  sea,  the  water  is  excluded  from  the  bell, 
beeaose  of  the  air  contained  within. 

200.  Inertia  of  air. — Wind  is  only  air  in  motion.  If  the  air  had 
no  inertia,  it  would  require  no  force  to  impart  motion  to  it,  nor  could 
it  aoquire  momentum.  We  know  that  the  force  encountered  by  a  body 
moving  through  the  air  (that  is,  displacing  the  air),  is  in  proportion  to 
the  surface  exposed,  and  the  velocity  with  which  it  is  moving  (143). 

The  sailing  of  ships,  the  direction  of  balloons,  the  wind-mill,  and  the 
fngfatful  ravages  of  the  tornado,  are  all  familiar  examples  of  the  power 
of  moving  air,  and  consequently  proofs  of  its  inertia. 

in.    BAROMITBRS  AND  BALLOONS. 

261.  Torricellian  vacuum. — Meaaure  of  atmoapheric  pres- 
sure.— ^The  amount  of  pressure  exerted  by  the  atmosphere  was  first 
determined  by  Torricelli,  a  disciple  of  Galileo,  in  1643. 

*  Cooke's  Chcm.  Phyfiet,  p.  269. 
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If  a  glass  tube,  aB,  fig.  206,  about  32  iDobes  in  lengtb,  is  filled  with 
mercury,  and  tben  inverted  in  a  vessel  of  the  same  fluid,  the  liquid 
column  will  fall  some  distance,  and  after  several  oscillations  will  come 
to  rest  at  n,  a  height  at  the  level  of  the  sea,  of  about  thirty  inobe* 
above  the  level,  a  c  of  the  mercury  in  the  vessel.  206 

The  space  n  B,  above  the  mercury,  is  the  most 
complete  vacuum  attainable  by  mechanical  means, 
ond  is  called  the  Torricellian  vacuum.  If,  after 
having  closed  the  mouth  of  the  tube,  we  lift  it  out 
of  the  dish,  we  shall  find  that  the  weight  of  the 
column  of  mercury  pressing  against  the  finger  is 
very  considerable.  When  we  place  the  tube  in  the 
vessel  of  mercury,  we  have  this  same  force  exerted, 
the  column  of  mercury  tending  to  flow  out  of  the 
tube,  and  another  force,  the  weight  and  pressure 
of  the  atmosphere,  tending  to  push  the  mercury  up 
in  the  tube.  The  length  of  the  mercurial  column, 
it  is  evident,  is  in  proportion  to  the  atmospheric 
pressure,  which  under  ordinary  circumstances,  is 
equivalent  to  a  column  of  mercury  thirty  inches  in 
height. 

We  may  now  easily  estimate  the  pressure  on  any  given 
surface,  as,  for  example,  a  square  inch.  If  we  sboold 
take  a  tube  whose  base  is  a  square  inch,  and  repeat  the 
above  experiment,  the  column  a  n  would,  as  before,  be 
sustained  at  a  height  of  thirty  inches ;  but  the  weight 
of  a  column  of  mercury  thirty  inches  in  height  and  one 
inch  square,  is  very  nearly  fifteen  lbs. ;  therefore  the 
atmospheric  pressure  on  a  square  inch  is  fifteen  Ibi. 
(accurately  14-7225  lbs). 

If  the  tube  were  filled  with  a  liquid  lighter  than  mercury,  a  proportionallj 
longer  column  would  be  sustained  by  the  pressure  of  the  atmosphere :  the  length 
of  the  column  being  inversely  as  the  densities  of  the  two  fluids.  If  water,  wkdeli 
is  about  13*5  times  lighter  than  mercury,  was  used,  the  column  of  water  tiistaiiied 
would  be  13*5  times  as  long  as  the  mercurial  column,  or  about  Uiirty-four  tttt, 

262.  Pascara  experiments. — The  experiment  of  Torrioelli  excited 
the  greatest  sensation  throughout  the  scientific  world,  and  the  explana- 
tion he  gave  of  it  was  generally  rejected. 

Pascal,  who  flourished  at  that  time,  perceived  its  tmth,  and  proposed  to  siib- 
Joct  the  experiment  to  a  test  which  must  put  an  end  to  all  farther  dispute.  "  If," 
said  Pascal,  **  it  be  really  the  weight  of  the  atmosphere  under  whieh  we  live, 
that  supports  the  column  of  mercury  in  Torrioolli's  tube,  we  shaU  find  by  trans- 
porting this  tube  to  a  loftier  point  in  the  atmosphere,  that  in  proportion  as  we 
leave  below  more  and  more  of  the  air,  there  will  be  a  less  column  of  menmry 
sustained  in  the  tube."  Pascal  therefore  carried  a  Torricellian  tube  to  the  (op  fi 
a  lofly  mountain,  called  the  Pny-de-Dome,  in  Anvergne  (oentnd  Franoe).     It 
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■■■  n>aiid  Out  tha  oalBms  gndaiJIr  diminithwl  In  hgtgbl  ai  the  davatiun  l« 
irhich  (b«  iaitraosDi  ku  etrried  iDcrviuod,  Ha  repuUd  (fail  uperimBDl  &t 
UaasD  (Pmn).  ia  1040,  with  %  uibe  of  w>t«r,  ud  round  tbat  Ihe  column  wu 
nutkinwl  at  ■  hdght  of  abont  thirtjr.rour  fHt,  or  UiS  Cimaa  graater  than  tht 
height  of  tha  eolamn  of  mareorj. 

2li3.  ConatmctioD  of  barometen. — Baronieter  ia  the  name  given 
to  Turrioelli's  tube.  Thia  ioatruaieDt  baa  different  formB.  accurding  to 
tiwDMforwhicbilUdeiigned.  Tbereare,  however,  certain  conditions  to 
be  fulfilled  in  the  ooDStruction  of  barometera,  whatever  idb;  be  their  form. 

Ist.  It  u  DSoeasarj  that  the  mercarj  be  perfeetlj  pure  and  free  frum 
oijd,  otbenriM  it  adherea  to  the  glaaa;  again,  by  impuritiea,  ite 
deiuit}  ia  ohaoged,  and  the  height  of  the  column  in  the  baruDiel«r  is 
greater  or  leai  than  it  abould  be. 

2d.  It  ia  necessttrj  thai  there  be  a  perfect  vacuum  above  tha  surface 
of  tha  mercur;  in  the  tube;  for  if  there  be  a  little  ur,  or  vapor,  as  of 
water,  the  elaaticitj  of  these  will  contlouallj  depresa  the  mercurial 
eotomo,  preventing  ita  rieing  to  the  true  height. 

To  obtun  a  paifaet  Tacaam,  a  imalt  porltoa  or  pare  mercnrj  i*  boilad  in  tb* 
baronwtar  tnba,  and  whan  aoolad,  anothar  portion  SOT 

of  mai««r7  i«  addad,  and  again  bnilad,  and  so  on, 
antil  tha  tabs  ii  fnll;  bj  Ibii  maani  tbs  air  and 
moiitore  whiab  adharad  lo  tha  walli  of  tha  tube  ara 
drivaa  oat  eompleta] J.  Tha  boiling  mnit  not  be  too 
long  oontinDad,  olberwiw  a  portion  uf  oijd  will 
ba  fomed,  which  will  dlsiolTa  in  tha  marcnrj  and 
altar  Ha  dennt;.  The  tnba  being  filled,  we  ioTart 
it  in  >  tcsmI  of  pnre  marenry.  In  order  to  determina 


tube,  wa  inolina 

uitoribetaba,  it  ia  a  proof  of  thair  abtanca,  wbDe, 
If  the;  ba  preaant,  tb*  Mond  is  dsadeaed. 

2S4.  Appamtna  IIInatiatluK  tha  piinol- 
pl«  of  tha  baiomatAt.— B;  means  of  the  dr- 
painp,  and  the  apparatus  Eg.  207,  the  princi- 
ple of  (ba  barometer  ia  beantifullj  ahown. 


e  tnba  qaiokl;  ;  il 


kiti  of  a  large  bell-glau,  R, 
witb  Iwo  ajpbon  baroBetflr  tabea  attached.  Od 
tbMB,  B,  baa  iti  aiitmi  witbin  tbe  bell.  Tha  other 
bsn>Bet«r,  wboga  e[at«m  <i  wilbont  tba  boll,  eon 
DnDlsalas  with  its  interior  b;  tbe  curved  (obe  /■ 
VbiA  tbla  apparatui  ia  placed  on  tbe  air-pump,  and 

■ibaiutad  of  air,  the  nuranrjr  in  B  falii  in  proportion  to  tha  lacuDm  pradnc«d, 
aad  rise*  in  the  tiilM  Ci,  in  Uie  aame  proportion.  In  B  we  aea  the  affect  of  dim  in- 
iabed  praainiw,  aion  amonntun  or  in  s balloon;  in  C  Ibepreetnra  ortbeeilemal 
air  eanaea  tbe  marenrj  in  it  to  rite,  forming  a  gau)^  of  tbe  eibau*Iion.  When 
tba  air  ii  allowad  to  enter,  tha  marcnrf  in  tha  lubea  raanmea  ita  former  poiition. 
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265   HeiBht  of  the  barometric  oolnmn  at  different  alevatia^a. 
-The  Ejllowing  Utile  gives  a  cumparativB  view  of  the  height  c,f  mer- 
vurj  ill  iho  liarumeter  ut  difiereut  elcvut'iuog  abuvu  ihe  sea. 
At  the  leTol  o(  Ihe  aca,  the  mcruur;  alt 
5,000  feel  above     "  " 

10.000     "     [height  ^f  Mt.  .£tna.| 
15,000     "     [boigbtofMt.  Blanc,] 


ulles 


[aboTS  the  lop  uf  the  luftiest  mount 


16'e9& 

16361 

.1  8-923 
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260.  Cistern  baiometei'. — The  cieteru  barometer  !■ 
the  most  Dimple  ronii  nf  this  iiaeful  inHtrument.     It  con- 
BiHtd  of  a  Toiritolli'a  tube  of  gl^^-  filled  with  mercury 
and  plunged   into  a  vessel  oontainiog  the 
this  veaael  or  ciatorn  ia  of  various  forma. 

That  it  laty  be  truiipnrtod  cMtily,  the  ciilern 
two  oaupx'tinouts.  m,  n,  iig.  2(18 ;  lbs  upper  dirialan  U  cemeDUd 
tu  lbs  lube,  i-ommuninaiiDg  with  the  almosphsre  by  the  amail 
bole  a.  The  too  compariiDanU  are  noited  bj  the  narrow  neek 
intn  whiob  tbo  lower  pari  of  the  bardueter  lobe  entert,  BtliDg 
cloiely,  allhoDgh  nol  iDurbing  Uie  wall) ;  leaving  only  lo  snail 
a  apaoe,  that  cipillHritj  will  not  alluw  tbs  tasrenry  to  eieape 


of  the  t 


e  it,n. 


Thi 

baromeler  I*  a 

waj«  II 

led  on 

moo 

den 

per 

partofwbkbii 

asradu 

1«,  w 

the 

mercnrj  U  tho 

iHUrn. 

Thc,l 

'V'OS 

enle 

v<la 

rtbemoroaryin 

There 

bed 

bar 

.iog  by 

theh 

and 

r.  byu. 

ana  of 

wbicfa 

nail  lai 

Bot 

Ibn 

.«! 

f  the  moron  ry  ia 

UiD  flUIem  var 

n  uf  memury  in 

the  tube  (Ken 

<!•  or 

de- 

end 

for  tlien  a  oer 

tain  qu 

nierourj 

inloth 

lube. 

r  the 

•u  that  Ihe  lero 

(the  le 

e!)  eba 

ei"? 

tbe 

■du 

tion  on  the  >ca 

e,  dcH» 

not  in 

ieale 

the 

FottlD'e  barometer.^ Thi 8  error  is 
aviii^le<l  in  the  haroraoter  of  Fortin,  fig. 
211,  bj  means  of  a  cistern  nf  peculiar  con- 


iliU  [Hiiot,  vhicli  ii  aucaiaplii 
down. 

Vrrtltr^-Ta  (Mure  greil  stcuiacT  in  msMBn 
ths  beigbt  of  Ihs  mercBrisl  eolamn,  the  bBioinpIfi 
rurDUhed  wjib  ■  TBrnier,  B  6,  Bg.  £10.  Ten  di>ttl< 
Da  ibg  nrsiar  MmatHiod  *itb  nioe  dliiiioDa  a!  i 
CnJuBUd    wHile.     Tbe  vernier    ii  210 

lower  eilramitj  correapoodA  v 
HvunLsl;  aiih  the  mifue  ol 
BieicDtj  IB  tbe  bu-amoler  labe. 
tbe  Agan  the  murcurUl  cdlqrai 


Kate. 


to  flud  ■  1 

tie  above  the  divi 

marked  TBO 

Carni 

ing  npi.«. 

te«  (bat  the 

«r.nH 

«:lJy 

ppoiilc  o„ 

he  diTi.ioD> 

DD    tb 

a.    Tbi»  girw  the  • 

ho  OOlODlll    > 

bove  7A0  equJi!  < 

ia-le»tbi  of 

a  div 

a.  BDcl  tlie  he 

gbto 

the  eulum 

107, 


TbU  fiira  uf  barumi^Itrr  biu  bcpii 
aitopted  b;  the  Smithionian  lii^iti 
talion,  aad  u  made  b;  Mr.  (ircn, 
of  S.  Y. 

2&7.    Tho     BTpbon     bato 

CM.  consiela  uf  iwi.  tubes,   fij; 

212. «r  the  Ronie  Internal  dimon 

■ioni,  unitei)    by  a  verj  i:u[itl 

Urjr  nevk,  both  closed  at  tliti 

upper  ex trerni ties,  the  airpNtci 

ing  the  eislern  through  a  small 

bolektC.  TheJnrgatulM'aboii 

of  the  KHiue  iiileri-ir  ilinm^tE 

tbe  capillrtr;  aatiiia  h  [uiiliiatlj  dcxtruyLl].   Tbe  capillary  tube  ia  toade 

•mail,  «i  that  when  ve   iiirn   the   inHtrument  over,  it  remains  rull, 

bcCBOM  of  its  Pn)iilliirily.     Fnr  measuring  the  lieichl  of  the  mercury, 

there  kre  twi  Rcnle*,  E  and  D.  gmdunred  in  different  directinni:,  having 

Ihcir  twmniun  leni  ut  O,  nil  n  line  iiilenneiijaie  between  the  two  mer- 

earial  aDtfoces;  sn  thnt  by  nddine  the  inillcHliuDs  <jr  thetie  two  acales. 

we  have  the  diS#rei)ce  in  the  level  uC  the  mercury  in  ibe  two  tubes. 
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irial  Daliimn  in  tbe  aaplllmrj  tabs, 
n,  w  he  rail;  tliB  Mcunu;  of  the  in 
biiaU  Ibis  iovouvunieiira.  H.  DudIcd 


1  lugsr  tubs,  K,  vblcb  la  KtUahnd  lu 
:al>..  WUb  Ihii  uranxoment.  •hould 
avun  piM)  Ibrongh  tba 


top  of  K 


bajom  etet. — T  h  e 


liant,  will  niBj  be  driren   out  b;  limpljr 

268.  -Wheel 
wheel   baroiiiete 

or  DO  icieDlilic  vttlue,  but  hiu  a  oer- 
tiiin  popular  itilerest  ns  it  purpnrt* 
to  declare  the  state  of  the  weuthor. 
The  nppamlun  consJEta,  fign.  214  nnd 
215,  of  a  dial  plulc  nltnclied       S13 
to  a  syphon  Imrmiieler  hsT- 
ing  a  emrtll  cylindrical  cis- 
tern, upon   whuHG    eurfiice 

tnrihed    to    a.    silk    Btriu;;, 

which  winds  urouuil  »  [lol- 

lej,  0,  and   Is   terminated 

by  the  counterpoise  P ;  the  I* 

uxia  of  the   pulley  onrrieN 

a  needle,  which  rests  upon 

the  face  o{  the  dial  pint*. 

When  the  prCHHiire  uf  the  atmoBphero  ehauges,  the  colniiui  i-Im'm  op  falls 

in  the  tube  ai^covdingly.  and  carries  along  vritli  it  the  flimi.    Tin'  pulley 

turns  and  nmves  the  needle  to  the  words  rain — Fair — chiiiigenbk,  &c., 

wliioh  are  dGBigne<l  to  correspond  to  certain  heights  uf  tlie  merourtal 

269.  Caiuea  of  enor.^In  order  to  obtain  the  true  height  of  the 
mercury  in  a  bariioteter.  we  must,  after  making  the  observation,  deter- 
mine hj  caloulntion  the  error  caused  by  capillarili/,  snd  by  the  variatioDi 
of  density,  caused  by  ekanijrji  of  lemperature. 

Correotlon  for  capillarity. — When  the  buromeler  tube  ia  of  capil- 
lary dinnieler,  the  surfaue  of  the  mercury  in  it  hecomet  ooDvex  (233) 
uud  the  depreiuiuu  ia  greater  by  aa  nuch  an  the  tube  is  more  capUlarj. 
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Vbr  aoneeting  this  error,  it  is  Decetsuy  to  know  the  dismeter  of  tha 
tabfc  vid  then  by  ni«uu  of  the  table  (238),  auertaia  the  depreMioi^ 
whio^  nast  ftlwaj*  be  added  to  the  obeerred  height. 

Cotraotloa  for  tainp«ratiiia. — In  kll  mercurial  barometeri,  we 
nnit  have  regard  to  the  temperature,  for  sa  beat  expandi  mercury,  it 
diminiihaaiu  denBiLj,  and  in  DODBequeoce,  under  the  same  stmoapberic 
preasare  the  raercurj  would  rise  as  much  higher  as  the  temperature  was 
nors  elevated.  Consequentlj  barometrio  ol>serTntious  oaanot  be  oom- 
pared,  ddIms  tfaej  were  taken  at  the  same  temperature,  (fr  are  brought 
bj  ealonlation  to  the  same  standard. 

As  It  Is  •Dtiraly  sri>itnf7  wbst  tampsntan  aball  b«  obouii ;  that  of  meltiDC 
1m  kas  ganenlly  bem  takin.  A  tabic  ibowing  tbs  aipuiiiad  sad  eoalrsetion 
•(  Bsrearr  st  dUbtant  Ismpsrstona  msy  ba  fanod  in  the  obaptar  span  bakt. 
n*  SMtsllla  sad  aaerold  buomalan  hSTe  slrasd;  beaii  dsHribad  {US,  IM). 

270.  Tarlatloiu  of  the  barometrio  helghL — When  we  observe  a 
barometer  daring  maoj  da;e,  we  notioe  that  not  onlj  does  its  height 
▼arj  from  daj  to  daj,  but  abo  io  the  same  day.  The  amonot  of  these 
vaiiationa  increasaa  from  the  equator  towards  the  poles.  The  greatest 
Tariatums  (eicepting  extraordinary  cases)  are  6  m.  m.  ('2362  in.)  at 
the  equator ;  30  m.  m.  (1'181  in.)  at  the  tropic  of  caucer ;  40  m.  m. 
(1-&748  ID.)  in  Franoe,  and  60  ro.  m.  (23622  in.)  25°  from  the  polen. 
^M  greatest  Tariations  lake  plaoe  in  winter. 

n*  BMn  Hmrtal  luigli  ia  tbe  STsrag^  of  twentj-foar  iDscaailTa  obierTatioBa 
taken  from  taonr  to  boor.  H.  Runond  ha*  foand  Ibe  balgbt  of  tba  baromater  at 
Bova  Io  ba  Iba   maan  of  tbe  da;.     TU  2U 

■HH  mouMf  luigki  ii  (ba  STCnga  of  tl 
lUi^   BH«n   dailj   heigbU   oF  a  monti 
Tkt  auoB  oaaiKii  ittjftt  ii  tba  aTarags  of 
tk*  Ibraa  bnodnd   and   tulj-flrB   maai 
daily  baighta  of  a  rear. 

At  tba  eqsalor  tba  maaii  wmaal  heigbl 
ta  TU   n.  m.  (S9-S4I   in.)     It   > 
pasting  firom  tba  aqnator,  and  sttaioi  I 
mulmam  of  TSS  m.  m.  (30-Oi  Id.)  batvai 
tka  latitada*  at  Sf  and  40°;  It  daem 
in    more  alOTalad    lalilndN.    Tba  d 
Bumtbl;  baigbl  i>  gnalar  io 
■BBUBar,  beaanM  of  Iha  cooKde.  and  rt 
qosat  inaraaaed  daoaltr  of  tba  atnioip 

Tba  Miala,  Bg.  IIS,  abowi  the  baiom 
Tariiitioni  of  (ba  diflerent  montba.    Equal  >- 

diatan«e,  taksn  on   tba  lower  boriiontat       J,  /,  ■.  a.  m.j.  j.   a.    a.  o.  s.  dL 

ll  tbe  dnralioD  of  tbe  dilTerent  montba.  and  tfa^  curved  linea  at 

a«b  Interval,  tbe  infan  barometric  liei|(blii  correapaediDg 


■ba  Tariatiou  of  tba  m 


p  ftoin  one  moptb  to  anotbar.    The  foar  ei 
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sent  the  monthly  means  m  obserred  at  CalcnUa,  C,  at  Havana,  H;  Pariiy  P, 
and  at  St.  Petersburg,  S.  P.  The  differences  of  the  onrres  repreee&t*  with 
great  distinctness,  the  differences  of  the  mean  barometrio  heights.  .CalenUa 
and  Havana,  on  the  same  latitude,  have,  it  will  be  seen,  very  different  monthly 
means. 

Variatioxis  observed  in  Barometers  are  of  two  kinds. 

Ist.  AccidentcU  variations,  which  do  not  offer  any  regolaritj  in  their 
movements,  and  which  depend  on  seasons,  the  direction  of  the  wind, 
and  geographical  position. 

2d.  Diurnal  variations. — It  was  aboat  the  year  1722,  thai  the  honrlj 
variations  of  the  barometer  were  proved  to  take  place  in  a  regular 
manner.  From  that  time,  many  observers  have  labored  to  determine 
the  extent  and  the  periods  for  the  different  parts  of  the  earth.  Alex. 
Yon  Humboldt,  with  others,  has  demonstrated  by  a  long  series  of  very 
accurate  observations  at  the  equator,  that  the  maximum  of  heiglit  cor- 
responds to  9  o'clock  in  the  morning ;  the  barometer  then  falls  to  its 
minimum  at  four,  or  half  past  four  o'clock  in  the  afternoon;  it  then 
rises,  attaining  a  second  maximum  about  ten  o'clock  at  night.  These 
movements  are  so  regular,  they  almost  serve  to  mark  the  hours  like  s 
clock,  but  they  are  very  small.  M.  Humboldt  found  that  the  distance 
between  the  highest  point  in  the  morning,  and  the  lowest  point  in  the 
afternoon,  was  but  two  m.  m.  In  the  temperate  sones,  these  diurnal 
variations  also  take  place,  but  are  very  difficult  to  ascertain,  because 
of  the  accidental  variations,  so  that  it  requires  extended  and  very  accu- 
rate observations  in  order  to  determine  them.  The  hours  of  the  maxi- 
mum and  minimum  of  the  diurnal  variations,  appear  to  be  nearly  the 
same  in  all  climates,  varying  a  little  with  the  season.  Thus,  in  winter 
(in  France),  the  maximum  is  at  nine  o'clock  in  the  morning,  the  mini- 
mum at  three  o'clock  in  the  afternoon,  and  the  second  maximum  at 
nine  o'clock  in  the  evening.  In  summer,  the  maximum  takes  place 
before  eight  o'clock  in  the  morning,  the  minimum  at  four  o'clock  in 
the  afternoon,  and  the  second  maximum  at  eight  o'clock  at  night.  In 
spring  and  in  autumn,  the  critical  hours  are  intermediate. 

271.  Relation  between  barometrio  ohanges  and  the  weather. 

—Those  variations  of  the  barometer  which  are  not  periodic,  are  gene- 
rally supposed  to  be  indications  of  changes  in  the  weather.  For  it  has 
been  noticed  that  those  days  in  which  the  column  of  mercury  was 
29'72  inches  in  height,  there  was  very  changeable  weather ;  that  in  a 
majority  of  those  days  when  the  mercury  rose  above  this  point,  there 
was  fine  weather  ;  when  it  fell  below  this  point,  stormy  weather,  snow, 
or  rain,  prevailed.  It  is  from  these  coincidences  between  the  height 
of  the  barometer  and  the  state  of  the  weather,  that  there  ia  marked  on 
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die  0oale  or  dial  plate  of  barometers,  at  certain  heights,  the  words 
■tonnj,  rain  or  snow,  Tariable,  fine  weather,  &c,,  and  it  is  supposed 
that  when  the  mercury  stands  at  the  height  indicated  respectively  by 
these  words,  we  should  have  corresponding  weather.  Now,  although 
tlus  may  be  true  to  a  certain  extent,  yet  a  little  reflection  will  show  the 
fallacy  of  such  indications.  The  height  of  the  mercurial  column  varies 
with  the  position  of  the  barometer,  and  consequently  two  barometers, 
in  different  places,  not  upon  the  same  level,  would  indicate  different 
coming  changes.  The  changes  of  weather  are  indicated  in  the  barome- 
ter, not  by  the  actual  height  of  the  mercurial  column,  but  by  its 
changes  of  height. 

Roles  bj  which  coming  changes  are  indicated. — The  follow- 
ing rules  may,  to  some  extent,  be  relied  upon  but,  for  reasons  already 
stated,  must  be  taken  with  a  considerable  degree  of  allowance. 

1.  The  sudden  fall  of  the  mercury  is  usually  followed  by  high  winds 
and  storms. 

2.  The  rising  of  the  mercury  indicates  generally  the  approach  of 
<  £ur  weather ;  the  falling  of  it  shows  the  approach  of  foul  weather. 

3.  In  sultry  weather,  the  falling  of  the  mercury  indicates  coming 
thunder.  In  winter,  the  rise  of  the  mercury  indicates  frost.  In  frosty 
weather,  its  fall  indicates  thaw,  and  its  rise  indicates  snow. 

4.  Whatever  change  of  weather  follows  a  sudden  change  in  the 
barometer,  may  be  expected  to  last  but  a  short  time. 

5.  When  the  barometer  alters  slowly,  a  long  continuation  of  foul 
weather  will  succeed  if  the  column  falls,  or  of  fair  weather  if  the 
eolamn  rises. 

6.  A  fluctuating  and  unsettled  state  in  the  mercurial  column,  indi- 
tfstes  changeable  weather. 

272.  Measure  of  heights  by  the  barometer. — Since  the  level  of 
the  mercury  in  the  barometer  falls,  as  we  ascend  above  the  earth,  we 
see  that  it  is  possible  to  determine  by  barometric  observations,  the  ele- 
vation of  a  mountain,  or  of  any  other  place  above  or  below  the  level 
of  the  sea.  If  the  atmosphere  had  a  uniform  density,  we  could  ascer- 
tain«  by  a  very  simple  calculation,  the  height  to  which  the  barometer 
was  raised,  from  the  amount  of  the  fall  of  the  mercurial  column  ;  for, 
meronry  being  10,466  times  heavier  than  air,  a  fall  of  one  m.  m. 
(*03937  in.)  of  the  barometric  column,  would  indicate  that  the  column 
of  air  had  diminished  10,466  m.  m.  (412054  in.),  and  therefore  the 
height  measured  would  be  10,466  m.  m.  But  as  the  atmospheric 
preseore  diminishes  very  rapidly  as  we  ascend,  such  calculations  are 
of  DO  raloB  except  for  small  elevations,  and  it  is  necessary  to  leter- 
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mine  the  rate  of  diminution  in  density  of  the  air,  in  proportion  as  it  is 
further  removed  from  the  earth.  Tables  have  also  been  oonsimoted  bj 
which  we  can  easily  calculate  the  level  between  any  two  places,  when 
we  know  the  height  of  the  barometer,  and  the  temperature  of  the 
atmosphere.* 

The  altitude  of  any  place  above  the  level  of  the  sea  may  also  be  cal- 
culated by  the  following  formula,  given  by  Prof.  Guyot,  in  the  tablee 
teferred  to  below : — 

If  we  call 

h  =B  the  obserred  height  of  the  barometer,  | 

T  =  the  temperature  of  the  barometer,         v  at  the  lower  station. 

t  =s  the  temperature  of  the  air,  j 

h'  c=3  the  observed  height  of  the  barometer,  I 

7*  s=  the  temperature  of  the  barometer,       v  at  the  upper  station. 

t'  =  the  temperature  of  the  air,  j 

If  we  make,  further, 

Z  <=  the  difference  of  level  between  the  two  barometers ; 

L  =  the  moan  latitude  between  the  two  stations ; 

U  =  the  height  of  the  barometer  at  the  upper  station  reduced  to  the  tampera- 
tnre  of  the  barometer  at  the  lower  staUon ;  or, 

H=r  h'  {l-\-  0-00008967  {T  —  T)  }  ; 

The  expansion  of  the  mercurial  column,  measured  by  a  brass  seale,  for  1^ 
Fahrenheit  =  0-00008967 ; 

The  increase  of  gravity  from  the  equator  to  the  poles  >»  0*00520048,  or 
0*00260  to  the  45th  degree  of  latitude ; 

The  earth's  mean  radius  »  20-886,860  English  feet ; 

Then  Laplace's  formula,  reduced  to  Epglish  measures,  reads  as  follows : — 


[( 


h 
Z  =  log.  -  X  «0B8*6  Eng.  feet, 
H 


1-f 


900 


) 


1 1  -f  0.00260  COS.  2  L  j. 

/  «  +  52252  \       \ 

\    "^    20886860    "^10443430/* 


a,  in  this  formula,  is  the  approximate  value  of  Z,  as  given  by  that  part  of  the 
formula  preceding  the  parenthesis  in  which  s  is  introduced. 

Heights  may  be  calculated  by  the  above  formula,  but  the  oaloulation  is  much 
faoilitated  by  the  use  of  the  Smithsonian  Tables. 

273.  Balloona. — Bodies  in  air  (like  solids  plunged  in  liquids)  lose 
a  part  of  their  weight,  equal  to  the  weight  of  the  air  displaced.  From 
this  it  follows,  that  if  a  body  weighs  less  than  an  equal  volume  of  air 
it  will  rise  in  the  atmosphere  until  it  meets  with  air  of  its  own  density: 
bonce,  heated  air,  smoke,  &c.,  rise,  because  they  are  less  dense  than 
cold  air. 

Dr.  Black,  of  Edinburgh,  announced  in  1767,  that  a  light  vessel  filled  with 

*  Guyot's  Meteorological  and  Physical  Tables,  Soiithsonian  CollcoUoas. 
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brdrafn  gu,  jroold  rua  in  lbs  ur  ;  ud  Cmvftllo,  in  USt,  eomniDBieatad  b 
Bujsl  6aci*[}  in  Loadon  ihe  ful,  that  lokp-ltubliliM,  Glled  «itb  hjdrugca,  ■ 
Mcsad  im  tbe  Miaoa|>hcr«.  Tbe  brotban  HoDtgolfler,  in  1781,  tint  sodiUi 
bkllnoni.  TbsH  CDniialed  of  globci  of  duCb,  lined  nilfa  pmper.  Ths  ona 
tbe;  But  oihibitcd  publiclj,  wu  ■  globe  about  thirtj  fsel  io  ilUmelcr,  opoo  U 
ibe  Inwet  pKi,  balow  itbitb  wu  pluwd  ■  Are.  Thia,  uipiuiiling  tlie  ur  ollhin 
lb«  glube.  cliiDiniibBd  lU  deoBJij,  uid  Ibe  bsiloun  rata  (a  ■  bdgbt  of  Dwrl;  ■ 
uiile.  llut-air  ballooDi  nre,  Ibonfare  (in  nllDBion  to  tbeir  invmlun),  ninallj 
cmllxl  UDB^alflan.  Bnllwwt  filled  witb  bjdrogeo  were  Ant  inlroduiuid  b;  Mr. 
CbariM,  prufeaor  of  pbjaiei  in  Pari*,  in  ITS2  ;  ud  in  November  of  tbe  mima 
fur,  PilUn  da  Roaiet  nude  tbe  Sral  atrial  Tg^age,  in  ■  ballouo  Bl[rd  witb  boi 
air.  Tba  ucaniion  bwk  plaoe  frDin  Bnalogna.  Snan  after,  Hesira.  Cbarlaa  and  ; 
Rubsri,  in  the  garden  of  [be  Tuilloriei,  repi-oted  the  aama  eiperiineDt  tn  ■  b 
loon  DUed  witb  bydrogan  gaa.  At  tbie  epoch,  airial  fojagea  multiplied.  Id 
Jaouar;,  i;84,  laTen  penoni  rose  frum  Ljuni,  Ibrea  fram  Uilao,  Ac.  j  and  iood, 
ao  familiariud  wore  ^e  pablio  wilb  tbia  method  of  navigaUng,  Ibal  it  was  not 
iineD[QJjDc>h  for  people  to  aacend  in  a  balloon  wbiab  wai  reitr^ned  from  going 
We  far  b;meani  of  a  card  ;  when  the  adToniuiLTi  had  uttAined  aeerUin  beigb^ 
the  balloon  wai  drawn  doirn  hj  maang  u(  iho  curd,  uid  otbar  vojiagera  took 
their  pl«!«. 

liaj  LiDuac,  Soptembei  IS,  180 


icbed  >i 


.mely 


TOIB  metre*,  or  about  M.OIK  feet.    I 

n  thoae 

elertled  region),  Oaj  Loiik  fo 

.nd                      1 

rupintion  and  tbe  rarruUtion  of  tba  bloo 

d  much  accelenlad,  bccauia  of  tba                      ■ 

akiog  120  puliation!  in  a  minitte,                      1 

while  te  -u  iU  normal  rRLe.     Ha   alio  c 

chEUical  aniljiis,  and  determined  the  cold 

f  .p.™.                                                                       1 

ConatractioD    and    fill- 

1 

Ins  of  baUoona.^Oenerallj 

the    bftlloou   IB   peiir-shaped. 

'      — - 

— ^^___.^-^^' 

It  is  made  uf  a  tnaterial  Jmpcr-     1 

tIoob  U>  hjdrogco  gas,  uflen 

of  atripa  of  taffeta  sewed  to- 

gether, and   covered   with  a 

TnniiBh,  DompMed  of  linseed 

in  essence  of  tarpeotine,  or     i 

<  M- 

of  a  tiwue  formed  of  a  iiiycr     ' 

mm 

of  cauutchouc  Interposed  be-     MjQj 

jBM-'^Blijjf 

tween   two  la;era  of  taffeU,    iSE 

5 

ud  called  markintoth.                ^^H 

To  «U  tbe  bal1«>n,  A.  Bb.  117.       ^S 

an  ■!«»"•  at  ita  lower  end  i>  placed  in  r 

T.  with  >esse1 genuratiog  bydrogen  ( 

om  <be  actb»  of  dilute  luIpLuciu 

arid  on  iron).     Wbeo  tba  balloon  i*  noSe 

opUj  filled,  tbe  aperture  i>  elcwd. 

eovoring  the  whole  apparatni,  ii  a 

boat  formed  of  wioker-wiirli,  for  the  receptii 

>ieriboiwroni.at>.  Bg.  218.     At  tba 

apper  put  of  tba  balloon  i»  a  >ralT 

,  which 

the  manager  ma;  open  Or  ibu 

al                  M 
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pLcksura  hy  meiiD>  of  m  eari.  A«  illaminallng  ft*  t»a  nsnall;  bs  piwrnivd  Don 
eiullj  Ihtn  hj-drogop,  it  ig  froqaontly  UBod  by  kiimoauW ;  bnt  being  *[  Icut  htsd 
tinis>  ranro  clonBO  tbmn  ppri>  bydmgeo,  the  bilLaun  iW|uinn  tn  be  of  »  oorretpvDd- 
inglj  l«rger  liic,  in  ord 


The  b&Uuon  inudt  noL  be  >-onip1etel;  Elled,  for  the  atmoHpber 
sure  diDiiniahing  upwards.  Che  guB  in  the  interior  nill  expand  in 
ratio,  and  tend  tii  buret  the  balloun.    A  number  of  fatal  accident*  bave 
taken  place  from  this  caune. 

Wlien  the  aeronaut  trinhes  lu  deiicend,  he  pulls  tiie  cord  which  opens 
tiie  valve  in  tha  upper  part  uf  the  balloon,  and  thus  the  hydiDgen 
oocapes,  and  the  baltoon  comes  down.  If  he  iriahea  to  osceDd,  h« 
throws  out  bngB  of  Hand  which  be  baa  taken  up  with  him,  and  the  bal- 
loon, becoming  thus  lighter,  rises  to  a  oorreapondinglj  greater  beigbL 

ParaohatA. — ASrunauta  often  abandon  their  balloons,  and  descend 
in  a  parachute.  This  apparatus  h  composed  of  strong  cloth,  and  when 
eileniled.  lias  the  appearance  of  an  unibrella,  fig.  219,  with  this  dilTei^ 
enoe,  that  the  whale-bones  are  replaced  bj  cords,  sustaining  «  small 
boat,  in  which  the  aeronaut  places  himself.  There  is  a  imall  ohiniDej, 
or  hole,  in  the  top  of  the  parachute,  in  order  to  allow  the  air,  which 
would  accumulate,  to  escape  regularly,  otherwise  it  would  escape  fitfully 
by  the  sides,  throwing  the  apparatus  violently  around,  to  the  immiaeDl 
peril  of  its  occupants. 

IV.    COKPRESSItllLtTr  or  OJSH. 

274.  Uartotte'a  Im. — Boyte  and  Hariotte  di«corered  the  law  of 

Uie  compression  of  gases,  which  is  as  follows:  — 


OP  OASBB.  21i 

At  Ihe  tame  Umperaturt,  Ike  votume  oeeupied  Ay  the  tame  bulk  of  air, 
u  m  ntierie  tatio  to  Ike  praiure  vhieh  it  Mupporlt,  From  which  it 
follow*,  UuU  the  deniit;  and  Mneion  of  »  gu  are  propur^ODftl  b>  the 
prcnun. 

Let  F  ^Dd  V  raprMent  the  Totame  of  a  gu  at  different  preuurea 
i*wid  f.  ud  D  and  P'  the  different  deneitieg.     Then 

r:F'=P':F,     whence  I^  =  F -75  and  P"  =  P^ . 


D:iy  =  P:F',     whence />'  =  Cp- and  f  = 


'D- 


IlxpsiiiiMDtttI  verlBcatlon  of  Mttriotta'a  Iaw. 
In  order  to  Twify  thU  law,  the  apparatus  called  Mariutle's  tube  is 
employed.    To  an  nprigbt  support  <if  wood  is  attached  a  beat  tube,  fig, 
220,  whoM  twc  Tertical   branches  are  nnequal   in  ^^ 

length.  The  longer  linib  ig  open  at  the  top,  and  fur- 
niabed  with  a  acale  which  indi-  219 

eatea  heights ;  the  ahorter  ie  cloaed 
at  the  top,  and  ia  divided  into 
part*  of  equal  capacity.  Hercary 
i«  poured  into  the  tube  so  that  the 
leTel  of  tbe  liquid  in  tbe  two 
branches  is  foand  on  the  same 
boriaontal  line,  la.  The  air  in 
tbe  shorter  limb  then  oeeupiee  a 
detnite  Tolnme,  indicated  by  the 
HrwlnatioD.  If  more  meronry  is 
idded,  nntil  the  measured  volume 
of  air  is  reduced  one-half,  as  from 
tea  to  Atb,  occupying  only  the 
kpaee  above  l',  and  we  now  tnea- 
mx*  die  difference  of  level  between 
the  two  snrfaces  of  mercury,  vis. : 
a'  A,  we  shall  find  tbat  it  is  tbe 
same  as  the  hnght  of  the  baro- 
metric column.  That  is,  the  pres- 
rare  of  tbe  colamn  of  mercury  in 
tbe  Mariotle's  tube  is  equivalent 
to  one  atmosphere ;  adding  this 
prossare  to  that  which  the  ntmn- 
ipbere  exerts  on  the  mercury,  we 
bave  the  air  aabjeotad  to  double  of  iU  asud  pressi 
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quentlj,  redaced  in  volame  one-half.  If  we  subject  it  to  a  preeaare  ot 
three  atmospheres  it  will  be  reduced  to  one-third ;  of  four  atmospheres, 
to  one-fourth  of  its  original  bulk,  &o.  By  this  law,  at  a  pressure  of  814 
atmospheres  air  would  become  as  dense  as  water. 

The  law  of  Mariotto  may  also  be  ▼erified  for  prefsnrei  leii  than  one  atmo- 
sphere,  by  using  a  barometer  tube,  about  two-thirds  filled  with  meroary,  and 
inverted  in  the  deep  cistern,  fig.  221,  filled  with  meroury.  Sinking  the  tube  to 
such  a  depth  that  the  level  of  the  mercury  within  and  without  is  the  same ;  the 
contained  air  is  under  the  pressure  of  one  atmosphere,  and  occupies  a  known 
volume.  If  the  tube  is  bow  raised  until  by  a  diminution  of  pressure  the  give* 
volume  of  air  is  doubled,  it  will  be  found  that  the  length  of  the  mercurial  column 
in  the  tube  is  half  that  in  the  barometer :  that  is,  the  air  under  a  pressure  of  one- 
half  an  atmosphere  has  doubled  its  volume.  The  volume  here,  as  in  the  other 
case,  is  in  inverse  ratio  to  the  pressure. 

275.  Ezperimenta  of  Desprets. — Mariotte's  law  was  generally 
received  as  correct,  until  Dospretz,  not  doubting  its  correctness,  so  fiur 
as  air  was  concerned,  undertook  to  test  this  law  in  its  applicaUon  to 
other  gases.     For  this  purpose  he  filled  several  tubes  of  the     222 
same  height  with  different  gases,  and  inverted  them  in  a  vessel 
of  mercury,  phicing  behind  them  a  graduated  scale,  as  shown 
in  fig.  222.     Thia  apparatus  was  then  introduced  into  a  glass 
cylinder  filled  with  water,  and  subjected  to  pressure  by  means 
of  a  forcing.pump. 

As  the  pressure  increased,  the  height  of  the  meroury  in  the 
different  tubes  varied,  as  shown  in  the  figure,  and  this  variation 
increased  with  the  pressure.  Carbonic  acid,  sulphuretted  hy- 
drogen, ammonia,  and  cyanogen  were  compressed  more,  and 
hydrogen  less,  than  common  air.  These  eiperiments,  in  which 
the  probability  of  error  is  extremely  small,  show  that  each  gas 
has  a  special  law  of  compressibility,  differing  more  or  less  from  the  law 
announced  by  Mariotte. 

A  series  of  very  accurate  experiments,  subsequently  oondueted  by  PoaiUel^ 
by  a  different  method,  confirmed  the  results  of  Desprets,  who  had  annoonoed 
the  unequal  compressibility  of  different  gases. 

276.  Ezperimenta  of  Regnault.* — Mariotte's  law  has  be«n  snl()eoted 
to  the  test  of  very  careful  and  repeated  experiments  by  Dulong,  Arago,  and 
otheis.  But  the  most  complete  and  reliable  experiments  are  those  otMidaeted  by 
Regnault. 

Regnault  kept  the  column  of  gas  upon  which  he  was  experimenting  at  a  imi- 
furm  temperature  by  a  stream  of  cold  water  flowing  through  a  cylinder  which  lor- 
rounded  the  tube  of  condensed  air  or  other  gas.  The  utmost  precaution  was  taken 
to  remove  every  trace  of  moisture  from  the  gases  employed.  The  tempen^ure 
and  atmospheric  pressure  were  carefully  noted  at  every  ezperimeoti  and  d«a 
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Allowance  made  for  their  changes.  The  temijeratuie  of  the  column  of  mere  try 
employed  to  measore  the  pressure  was  noted,  and  the  height  of  the  oolumu  cor- 
rected accordingly.  Finally  the  condensation  of  the  mercurial  column  due  to 
Ita  own  weight  was  also  considered,  and  every  possible  precaution  was  observed 
to  Mcare  the  utmost  accuracy  in  the  experiments. 

Resulta  obtained  by  Regnault. 

The  following  table  gives  some  of  the  principal  results  obtained  by  Ref^nault. 

Let  P  represent  the  pressure,  when  any  gas  occupies  a  volume  K,  and  I"  the 

proMure  when  the  volume  of  the  same  gas  is  V.    If  Mariotte's  law  were  strictly 

PV 


correct,  we  should  have  P  V  equal  to  P'  Vf  or 


P'V 


ought  to  be  equal  to  unity. 


^ 

Air. 

Nitrogvn. 

1 

Carbonic  Acid.                  Hydrogen. 

P'V                      rr 

P              "^ 
PT 

P 

PV 
P'V' 

■i.m. 

m.  m. 

1 

m.  ui.      1                         m.  ui. 

738-72  .  1001414 

753-46 

1-0000S8 

76403    1007597         "       i 

4309-48  '.  1-002765 

4953-92 

1  002952 

318613    1028698    2211-18    0-998584 

8177  48   1003253 

8628  54 

1  004768 

9351-72    1045625     2845-18    0-996121 

933641    1006366 

1 

10981-12 

1-006456 

9619-97    1-155865    9176-50    0-9929.33 

We  here  see  that  in  the  four  gases  examined,  the  ratio  — —  was  found  very 

nearly  equal  to  unity,  showing  that  though  Mariotte's  law  is  not  absolutely  true, 
it  is  fufficiently  accurate  for  most  purposes. 

In  the  case  of  air,  nitrogen,  and  carbonic  acid,  the  compressibility  augments 
aK»ia  rapidly  than  the  increase  of  pressure,  while  in  the  case  of  hydrogen  the 
eoaqMq|ssibility  diminishes.  It  has  also  been  ascertained  that  the  rate  of  com- 
pretaibility  for  any  gas  varies  with  the  temperature.  For  example,  carbonic 
neid  at  212^  F.  agrees  almost  exactly  with  Mariotte's  law. 

277.  General  conclnsions  on  the  compresaibility  of  gaaes. — 
From  a  careful  consideratioD  of  all  the  experimentH  upon  the  eonden- 
nation  of  gasea,  it  seems  reasonable  to  conclude  that : — 

Ist.  There  is  some  temperature,  differing  for  different  gases,  at  which 
the  compressibility  of  gases  corresponds  with  Mariotte's  law.  That  at 
higher  temperatures  the  compressibility  diminishes,  and  at  lower  tem- 
peratures the  compressibility  increases. 

2d.  Almost  all  gases,  by  a  certain  amount  of  pressure,  are  liquefied, 
and  it  is  found  that  their  compressibility  increases  very  rapidly  near  the 
point  of  liquefaction. 

Although  these  conclusions  are  based  upon  the  analogies  of  Hcicnce, 
and  apparently  indicated  by  experiments,  yet  further  observations  are 
required  for  their  confirmation. 
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V.    INSTRUMENTS  DEPENDING  ON  THE  PROPERTIES  OF  GASES. 

278.  Manometers. — Manooieters  are  iDBtruments  designed  to  mea- 
sure the  tension  of  gases  or  vapors  above  the  atmospherio 
pressure.  The  unit  of  measurement  wbioh  has  been  choMB 
for  these  instruments  is  the  pressure  of  the  atmosphere, 
which,  at  the  level  of  the  sea,  is  (261)  equal  to  about  15  lbs. 
to  the  square  inch,  and  therefore  a  pressure  of  two  or  of  three 
atmospheres  signifies  a  pressure  of  30  lbs.  or  of  45  lbs. 
Manometers  are  of  very  various  construction,  two  of  which 
will  be  mentioned,  namely  :— 

279.  1st.  Manometer  with  free  air.— This  consists  of 
a  glass  tube,  B  D,  fig.  223,  open  at  both  ends,  placed  in  a 
cistern  of  mercury,  to  which  it  is  cemented.  The  cistern  is 
connected  with  an  iron  tube  A  C.  By  this  tube  the  pressure 
of  the  fluid  is  transmitted  to  the  mercury.  The  gases  whose 
tension  we  wish  to  find,  being  often  of  a  temperature  suffi- 
ciently high  to  melt  the  cement  attached  to  the  apparatus, 
the  tube  A  C  is  filled  with  water,  which  receives  the  pres- 
sure, direct,  and  transmits  it  to  the  mercury. 

In  order  to  gradaate  this  instrument,  A  being 
open  to  the  atmosphere,  that  point  where  ^he 
mercury  rests  in  the  tube  is  marked  I  (one  atmo- 
sphere). At  distances  of  thirty  inches,  the  num- 
bers 2,  3,  Ac,  are  marked,  which  indicate  the 
number  of  atmospheres,  for  it  will  be  remembered, 
that  a  column  of  mercury  thirty  inches  in  height 
represents  the  atmospherio  pressure.  The  appa- 
ratus being  placed  in  connection  with  a  steam- 
boiler,  we  a8<H;rtain  the  pressure  to  which  it  if 
subjected  by  the  height  to  which  the  mercury 
rises  in  B  D ;  if  to  2*5,  the  pressure  is  2*5  atmo- 
spheres, or  S7i  lbs.  to  the  square  inch. 

280.  2d.  Manometer  with  com- 
pressed air. — This  form  of  the  instrument 
consists  of  a  glass  tube  filled  with  dry  air, 
placed  in  a  cistern  of  mercury,  to  which  it 
is  cemented.  This  by  a  lateral  tube.  A,  fig. 
224,  communicates  with  the  vessel  contain- 
ing the  elastic  fluid  to  be  gauged. . 

Is  order  to  f2^raduate  the  manometer,  such  a 
quantity  of  air  is  placed  in  the  tube,  that  when  A 
communicates  with  the  atmosphere,  the  level  of  the  mercury  is  the  same  in  the 
tube  as  in  the  cistern.     At  tbis  point,  therefore,  1  is  marked  apon  the 
Following  Mariotte's  law,  it  might  be  supposed  that  we  ihonld  mailL  for 


(lutic  fane  af  tba  eonpnnwd 

Tbc  uuc  pufiUnn  of  tht  poioU.  indicUiDg  3,  4,  Ai 
u  (hs  ■cal>  uf  tbs  nuioDictiiT  b?  fhIbuIujuh.  Thi 
af  aiMaumtter,  berKim  Ihe  TDlutoe  of  air  gruwiog 
eeoIiDa>ll7  diminiah  id  aiifl,  wid  (bereforB.  sTcn  eu 

Bcnirdon'i 


but  wfana  tlin  columD  of  sir  if 
icreui^il  b;  tbe  Hcigbl  of  Iba 
errjfcre  tho  middle  point  of  lii  lob* 
atuKwphunia.  Tfae  Iiua  puaillnu  far 
•  [be  uiddls  uf  tba  iHbe,  wlinn  Ibi 
I  tbs  mlsbt  of  the  otitiiniii  of  nn-- 
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metallic  barotiteler,  detcribeil  in  i  163.  is  much  ased  ks  ■ 

r  gauge  for  sleam- boil  era.     It  is  sometimes  culled  Axb- 

ir-ft's  gnuge,  and  is  the  best  instrument  in  use  for  the  purpiwe. 

[Fur  the  diffusion,  effusion,  and  trans miHvion  of  gnses.  the  mixture 

id  liquids,  and   the   nbsorptiiiD  uf  gases,  aee  tbeAuih<ir'a 

C'haaiatrt/."] 


-The 


281.  Bellons.— 
rent  of  wr  is  the  ordinarj  bel- 
lows, fig.  225,  consisting  of  two 
leaves  of  wood  noited  bj  leatlier, 

tube  (.      A  valve  ■  is  plnued  i 
the    lower    loaf,    opening    u{ 

Whan  the  loaret  are  presiod  logelber,  the  i 
•ir  aaupea  tbmugh  f.     But  wban  Lba 


i-jeeWH  npon  preiiing  the  Ibufos 

BellowM  witb  a  continiio 
blaat. — Id  the  ordinar;  belloi 
the  blast  oF 

Where  a.  continuous  jet  is  wiinled, 
1  double 


for  producing  a  c 
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th«  loTEr  ii  drmwn  dows,  u  abawn  by  Uw  utdw,  Uia  TiJva  8  sloHa,  ui)  th* 
■ir  bsiDg  catDpruied,  puHi  into  U  throagh  th«  TftltM  r  r,  niglog  C  B,  Mid  pkT- 
U>l1j  uruping  tlirangb  tha  tabs.  With  [be  nvwH  motion  (unalented  hj  ttaa 
vaight  P),  ths  vhItos  rr  doH,  ud  ths  eiUrior  lir  uUn  V  by  tbe  TslTe  B. 
Daring  thia  time,  the  upper  woigbt,  P',  cbuibb  C  B  to  deiMod,  wncl  tbai  tb*r«  ii 
aoDtiduBll/  UD  eiospe  aC  air  by  tbe  blait-pipa.  Tba  weigbt  mftf  be  replacwl  by 
k  ipriag. 

282.  Fomace  blawaia. — la  blast,  or  high  furnaces,  bluwiog  na- 
ehinci  are  omfilajed,  bj  iueuuk  uf  which  n  large  volume  of  air  is  forctd 
into  the  fire;  these  macbinee  are  uf  lerj  luriouB  construotion. 
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283.  Bioape  of  oompraaaecl  gasaa.— When  a  compraM^  gas 
eBcapeo  from  ao  opening  id  a  thin  wall,  the  velucitj  of  its  escape 
depends  on  the  difierence  of  tbe  interior  and  exterior  pressures,  and 
on  the  density  iif  the  gas  paasiDg  out.     It  has  boon  proved, 

1.  That  wUK  the  mim  gat  at  the  lume  Umpenxlure,  the  vdocily  of  fio» 
ado  a  mtcvKiK  if  At  tamt  at  any  preimrt. 

That  ia,  if  we  had  ■  Ta*wt  filled  with  air,  Dsmpnued  at  1,  Z,  3,  or  tOOO  atmo- 
•pherea,  and  allowed  It  to  eaeapa  by  a  amall  ariflce,  tha  Telocity  of  lla  Bow  wonld 
ba  the  a.<ne  dnring  the  whole  time  i  ' -        "  -        -    - 

to  the  denaily  of  tbe  nt*.  thtt  ii,  to  t 

gaa,  aa  air,  instoad  of  in  a  vacnam,  tbe  lelooity  ia  then  proportioi 

rerence  betwoea  tbe  elaatjc  ran»  of  tbe  interior  aad  exterior  air. 

2.  The  vdoeity  of  Oit  eteape  of  gates  into  a  faettunt  u  in 
to  l\e  tqtiart  root  of  thet*  detuitiet. 
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Where  the  gtu<  eocafiux  llmiu);h  lung  tubes  initeod  of  through  orificeB  tn 
•  thin  wall,  the  velouit^f  U  ver;  much  dlminisheJ,  becaune-of  the  friclion, 
and  is  leas  in  pruporciun  as  the  tube  is  lunger  aod  its  diameter  smaller. 

2B4.  Pnenniatic  ink-bOtUa. — In  Ihu  pneumaCic  ink-buttle,  fig. 
226,  the  ink  in  the  tube  c  Is  kept  constantlj  at  nearl;  the  same  lerel. 
Bj  ioclioing   the   bottle   it  may  be  filled  as  218 

Men  in  A-  The  ink  in  A  tends  to  force  itself 
in  Ibe  tube  C,  but  is  opposed  b^  the  atmo- 
spheric pressure,  irhich  ia  muuh  greater  than 
the  pressure  of  the  column  of  ink  in  A.  As  . 
the  ink  in  C  is  consumed,  its  surface,  faliinj;, 
will  allow  a  small  bubble  of  air  to  enter  A, 
where  it  will  exert  an  elastic  presRure,  and  cause  tbe  ink  m  C  to  rise  ■ 
little  higher.  This  effect  will  be  continuallj  repeated  until  the  bottle 
is  emptiBd  of  ink.  Bird-cage  fountains  are  constructed  on  a  Bimilar 
priociple. 

285.  Tlie  ■TptaoD. — The  gjphon  uned  for  decanting  liquids,  depends 
for  ita  operation  on  tbe  principle  of  slmospheric  pressure.     It  oonsista 
uf  a  bent  tube,  b  y,  fig.  229,  having  one  of  its  arm 
It  may  be  filled  by  turoing  it  over,  and  pour- 
ing the  liquid  in,  or  by  immersing  tbe  shurtcr 
arm  in  a  vesMel  of  water,  and  applying  the 
mouth  at  t/ ;   upon  exhaustiog  the  air,  the 
water  will  be  forced  up  by  atmospheric  prea- 
snre,  to  snpply  the  place  of  tbe  tur  withdrawn, 
and  there  will  then  be  a  continual  discharge 
until  the  Teasel  is  emptied. 

The  two  bnoehn  being  BUxl  with  liquid,  the 
prvMorea  giertod  at  tka  poinla  b  uid  h  will  ba 
equal,  for  thsj  are  an  tha  •una  level ;  bat  the  praa- 
will  b<  greater,  becuiie  of  tbe 


longer  than  the  olber. 
230 

7^ 


/^ 


Hi',  U 


eliq, 


ir 


long  bnuob  baowse  of  tbis  eieui  of  pretanre,  and  will  draw  after  it  the  llqaid 
in  the  ihortar  btaaeh ;  If  the  and  of  tfaia  be  immerud,  there  will  ba  a  eontinnal 
diiehar|:a  u  long  u  &  ia  balow  the  aarruM  of  tbe  liqaid,  Bir  the  atnospberk 
premie  will  owua  tha  liquid  to  ueand,  to  lopplj  tba  plaoa  of  that  wbioh  if 
puaing  ont ;  otfaetwiae  there  would  be  a  Taonnm  prodsoed. 

It  IB  erident  that  water  could  not  he  raised  by  means  of  a  syphon 
mora  than  tiiirty-fbur  feet :  for  a  oolumn  of  water  of  that  height  is  in 
equilibrium  with  the  pressure  of  the  atmoephere  (261).  Tbe  relotity 
of  the  flow  from  a  Byphon  will  be  tbe  same  as  if  the  liquid  fell  freely 
trma  a  baight  equal  to  the  distance  between  the  level  of  the  liquid  in 
Uw  TaMel  and  the  end  of  the  long  arm.  To  avoid  the  neceeaity  of  filling 
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B  ajpliuii  liy  pouriDg,  the  furm  reprseented  In  fig.  230  ia  eiu|ilfijfed.  To 
use  tliii  iiiBtruiuent,  tb«  upon  end,  b',  of  tlie  lungHr  liinb  ia  uluseil  by  the 
Gugur,  wijilu  »  purtiul  vuuuum,  urenteil  bji  mickiug  nt  Uie  small  uscending 
lulje,  ill,  ocunsiuns  llie  iiquTd  W  pass  over  as  in  the  ordinanr  sjpliun. 

InteimitUat  ajrphDn.  Tantalus'  Taae.~~Fig.  ZSI  canniits  ul  n 
TBMti,  A,  dunUiiiiug  ■>  ijiilion,  uf  nhiuli  unu  uf  Ilia  bnuntbea  iipsni  bclon  th* 
butLom  ofUin  temd  ;  the  ulber  ia  curied.    Wbso  irftt«r  i* 


lisisht  <•, 


II  tbei 


.   The 


T  will  flow  through  u  iot 
tti,  fliling  it  cuinplBIelj.  ■nil  t 
I  now  supjilied.  will  dincbirge  wntnr 
vdhbI  is  I'mptleil.  The  (jphop  tni 
aagf,  Bg.  332,  B,  r 
■BBting  TuiIkIuk,  111  that  juDt  bvfuri)  ibd  i 
louoboi  Ilia  lips  the  e^plioa  la  Hlled,  am 

2S6.  Intsimltteut  aprliiBa.— There   < 

epringH,  ilie  water  flowing  regulurl;  Tor  a  time,  tu>d   tlieo  audileni; 
csBsiiig.     Ill  these  DpringB  the  opening,  131 

na  at  a.  fig.  233.  communioa 
BiibWiTftoean  cavity,  C,  by  r 
ohaniiel,  a  a  b,  which  has  the  form  of  n 
■yphDn,  TbJB  caritj  is  gradually  filled, 
onlil  nt  last  ths  water  attains  the  level 
n  n,  when  the  syphon  is  BIted,  and 
escapps.     If  the  syphon  dia- 
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be  lowered  l«  b ;  ur  miuld  then  msb  m  bj  the  sjpboa,  tlie  flow  of  water 
would  cease,  nod  would  not  recumnieDce  uutil  it  hiid  again  alUiiied  Uie 

InteimiUeut  fountain.— The  iiilennittuut  fuuntain  voubIku  or 
fe&Kcl  uf  giiLSa,  C,  lig.  i!a4,  wlninB  aporture  fur  the  adiniBsion  of  wat 
is  linrmelicall;  sealed  b;  an  occurBtel^'-gniuad  elopper. 

A  glui  tnbe  A,  tiumit  UirDngh  Ibe  TBtml  C,  ita  upper  eod  IsnDinaliDs  tbo 
Ute  twite*  of  lbs  liquid;  id  luwvr  snd  naU  in  ■  coppor  ciatsra,  B.  nbich  hu 
(mill  aptirtore  hir  tbc  ctripc  ot  wslrr.  The  globe  beiog  pirliallj  HIImI,  t 
•rater  eicspu  throDgb  tbe  upillnrjr  uriSoee  of  tlin  tube  at  D,  in  cotjseqDence  r 
Bitted  Ihroogb  i'      '  ■     -    ■ 
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287.  Air'pump. — The  air-pump,  designed  la  prudi 


ally  Cijofineil  space,  wils  iuvented  by  OHo 
HagdebuTf.  in   1650.     Fig.  235  eiliibiU  e 
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air-pump,  manufactured  bj  Ritchie  of  Boston,  usuallj  called  tlie  iJ09Ci% 
form  of  «ir-pump.  The  essential  part  of  the  air-pump  is  the  cylinder 
shown  in  section  in  fig.  236.  This  cylinder  communicates  with  the  boll 
glass,  by  means  of  a  tube,  shown  in  fig.  235,  and  with  the  external  air  by 
means  of  the  tube  gh  (fig.  236).    There  are  three  286 

yalves,  a,  6,  and  c,  all  opening  upward.  The 
piston-rod  passes  through  a  packing-box,  d,  in 
which  it  moves  air-tight,  and  the  power  is  ap- 
plied by  means  of  a  lever,  as  shown  in  fig.  235. 
Suppose  the  piston  to  be  standing  at  the  bot- 
vcm  of  the  cylinder,  when  we  depress  the  lever, 
the  air  from  the  receiver  expands,  rushing 
through  the  valve,  a,  into  the  empty  space 
formed  in  the  bottom  of  the  cylinder,  while  the 
air  above  the  piston  is  forced  out  through  the 
valve  c  and  the  tube  g  h.  With  the  reverse 
moUon  the  valves  a  and  c  close,  excluding  the 
external  air  from  the  cylinder,  and  preventing 
the  return  of  air  from  the  cylinder  to  the  receiver. 
At  the  same  time  the  piston-valve,  6,  opens  and  HJh 

allows  the  air  below  the  piston  to  pass  through  into  the  upper  part  of 
the  cylinder.  When  the  piston  rises  again,  this  new  volume  of  air 
which  has  passed  above  the  piston  is  forced  out  through  the  valve  c,  into 
the  external  atmospheVe,  while  another  portion  of  rarefied  air  from  the 
receiver  expands  into  the  cylinder  below  the  piston,  to  pass  upward  and 
be  forced  out  through  the  valve  c  at  the  next  stroke  of  the  piston  ;  and 
so  on  continuously,  as  long  as  the  rarefied  air  in  the  receiver  and  cylinder 
has  sufficient  tension  to  open  the  valves.  At  each  stroke  of  th3  piston 
the  air  undergoes  y^newed  rarefaction  until  the  amount  remaining  in  a 
good  instrument  is  about  one-thousandth  of  the  original  quantity,  and 
the  space  within  the  receiver  may  be  regarded  as  a  vacuum.  The 
pump  here  figured  is  furnished  with  a  barometric  manometer,  seen  in 
the  left  of  fig.  235,  by  which  the  degree  of  exhaustion  is  directly  indi- 
cated. The  efficiency  of  the  air-pump  depends  in  a  great  measure  upon 
the  valves,  which  are  best  made  of  oiled  silk. 

The  oonstruction  of  the  upper  valve,  e,  m  made  by  Ritchie,  is  shown  in  (Ig. 
237.     The  disk  of  oiled  silk,  t,  is  kept  in  place  by  the  pin  237 

e,  and  the  whole  is  protected  by  the  dome-shaped  covering 
e.  The  tube  gh  {fig.  236)  discharges  the  air,  and  the  oil 
which  escapes  with  it  is  collected  in  a  reservoir  placed 
below  the  pump. 

An  air-pump  with  two  cylinders  is  commonly  used  in  France,  the 
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puUma  of  which  tm  slt«nial«lj  raised  ftnd  depressed  bj  &  rack  dml 
pinioD  motion. 

D«gi«e  of  Exhaiutlotl.— It  it  plup,  on  ■  mooieat'i  nflsetion,  that  hj 
BMchuiiral  IMcnaB  slODe,  it  il  impoiiible  to  prodnce  ■  perfect  Tuuum.     Then 

snd  triotion  of  tbe  pomp  tsItm.    Bj  •mpLojiDg  ui  almoiphen  of  drj  hjdmgBn 

ta  ■  perfaet  TBennni  ii  raide,  inTenelj  m  tbe  draail;  o(  tbe  (wo  guci.  Aim 
b;  anag  aariwnic  acid  tax  tba  mat  end,  sod  abeorbing  the  reiidae  of  tbii  gaa 
bj  4rj  qaiek-Jime  pnTiuuilj  plac«d  on  Ibe  pump  pLate,  a  perfect  vamDm  maj 
be  pxwlDced  i  but  hj  chemieai  aad  not  bj  mwbanLcal  meand. 

288.  CompresalDE  nuiobine.— This  mscbine  is  used  t 
the  air  or  maj  other  gsa ;  it  238 
is  oonatmeted  like  the  air- 
pump,  the  onlj  difference 
being  that  iti  Talrea  op«n  in 
ft  eontnrj  direetion,  ni. : 
downwards. 

Fig.  238  shows  a  Teij  neat 
fintn  of  the  ooudenBiuj;  pnmp 
as  ouBstnict«d  bj  Sitohie,  to 
illoBtrata  the  Hariottian  law 
(275)  and  to  liqnefj  gases. 

289.  WaUr  -  pomp*. — 

Pnmpa  are  machines  de- 
signed to  elerata  liqaids  abOTB  Iheir  former  level.  Thej  are  of  two 
classes:  lit,  those  acting  bj  atmospheric  pressure;  2d,  those  wbieh 
act  independent  of  such  presaore.  Thej  are  oommonlj  called  either 
suction,  or  forcing  pnmps,  or  both  united. 

2$0.  Snotion-piimpa. — The  snotion-pump,  fig.  239,  is  compoeed  of 
» tube.  A,  whose  lower  end  ii  immerwd  in  the  water  to  be  elevated 
This  is  attached  to  the  bodj  of  the  pump,  C,  which  oontuns  a  piston 
furnished  with  a  valve,  r,  opening  upward.  The  upper  extremitj  of 
ttie  tabe  A,  also  contains  a  valve,  o,  opening  in  the  same  direction. 

Wb«n  tbe  pUtoo  Is  •l<rat«d  fton  the  lower  part  of  the  pnnp  bj  working  the 
bsadlik  L,  tbe  valva  r  eloiaa,  and  a  partial  Tacnuin  ia  iirodaced,  but  the  elsitie 
forea  of  th*  air  In  A  eanaei  the  valve  o  to  open,  and  part  of  the  air  tbni 
paaaa  into  C-  Tbe  sir  in  the  tntM  ii  thni  rarefled,  and  tbe  water  mibea  np 
to  raeh  s  baight,  that  the  weight  at  tbe  toiumn  of  water  railed,  added  to  the 
•lufiel^  of  the  faitvlor  air,  keep  it  in  eqailibrinm  with  tbe  atmoipherie  pr«i- 
SHB.  Wbsn  the  piiton  deeeendi,  the  valve  a  cloiei  bj  iti  weight,  and  pn. 
TOBls  tbe  relarp  cf  Ibe  air  froni  Ibe  bod;  of  the  pninp,  C,  into  (he  tobe  A. 
Tbe  eoapmssi  air  qieni  the  valve  r,  and  thna  eieapci  into  (he  atmoiphere 
Ihnagb  B.  AAar  a  aomber  of  itmkea  of  the  piaton,  fewer  aa  the  eapacit;  of 
tlie  laS*  ■  ti  less,  Ibe  water  will  be  elevated  above  the  lower  vslve ;  now  wben 


1  this  (tod  the  rolluwiug  pump, 
r  ia  elev&(«d  lu  the  Wp  of  the 
tube  by  means  of  atmospbei 
it  IB  evident,  that  e 
feotljr  euDstructed  pumpa,  the  disUiice  < 
froiD  the  level  of  the  water  to  the  tup 
of  the  pump  must  not  exceed  tbirtj- 
four  feet  (261),  but  those  of  orditmrj 
cODtain  defects,  bo  thut 
geoerallj  we  do    oot    gain   a   griMki  r 

feet.  But  after  the  i 
abvive  the  pistun,  the  height  to  whiLli  im 
maj  elevate  it,  ib  limited  onlj  bv  tlie 
power  applied  nl  the  pislnn  ;  for  it  li- 
the asoeudional  foroe  of  this  vrhicb  ele- 


291.  Suction  and  llftins  pnmp  — 

Sometimes  the  water  raised  above   tin 
piston,  instead  of  poaaio};  upwardi   in 
the  tubs'  in  which  the   piBlon  works,  rises  by  b 
tu1)e,  S,  fnmished  with  a  valve  which  pre 
1  of  the  water,  ax  ie  uhown  in  a, 
fig.  239. 

That  the  rieing  of  the  ' 
in  the  tube  is  due  to  the  at- 
mospheric  pressure,   may   be 
demoDBtrat«d  by  the  appora- 
tu«,  fig.  240.     After  forming 


which  contains  the  vessel  of 
r,  the  liquid  will  not  rise 
in  the  lube  when  the  piston 
in  the  pump,  P,  is  raised,  but 
apon  admitting  the  air  it  is 
nipidly  elevated,  as  usual. 

292.   Foiclng-pump.— In 

the  forciug-pump.  the  pi; 

baa  ro  valve.     The   lower  part  of  the  cylinder  in  v 
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placed  in  the  water  to  be  elerated,  so  that  the  ralve  r,  fig.  241,  whidi 
opens  upward,  u  alwnjs  immeraed.  The  ascending  tube  ab  eontaios 
2  Talre,  S,  also  opening  upwards,  aod  an  air  chamber,  n  n. 

Wlini  thg  piibtn  li  tbIhiI,  S  ii  eloied,  and  walar  ia  intTodnHd  bj  tb*  opsii 
tsIts  r;  apoD  tb*  dMMDt  of  th«  pitCon,  r  cloget,  and  Ifae  water  ia  farMd  into 
U>*  aMmdbit  tobe,  s  b.  The  raHrToir,  ••  h,  filled  with  air,  ii  duigoed  to  ran- 
lar  the  Jet  of  water  coDlinnoDi,  When  the  water  ia  fareed  by  the  piaton  into 
the  tabs,  tht  air  ii  eompreusd  in  ■•  a  ;  reacHng  afterwards  fa;  <U  elatlicitj,  it 
eoDtloaM  to  driTe  Ihe  water  iolo  tb«  uppsr  part  of  the  tube,  after  S  li  eioaed, 
■ad  while  the  piilon  ia  ririSK. 

It  ia  fband  necessarj  to  have  the  air-chamber  twenl;-three  times  the 
oapacitj  of  the  bodj  of  the  pump,  ia  order  to  render  the  jet  continuous. 

203.  Rotaiy  pump. — The  rotarj  pump  is  a  mechanical  contriraoce 
for  raiaing  water  b;  a  oontinutaa  rotarj  movement.  Fig.  242  repre- 
■eata  one  of  the  most  successful  of  these  pumps  (Gary's).  Within  a.  fiied 
ejlindw  ia  included  a  moTa-  H2 

ble  dmm,  B,  attached  to  the 
axia,  A,  and  inoTiDg  with  it. 
The  heart-abaped  cam  but 
nHinding  A,  is  immovable 
The  rerolntion  of  B  causes 
tbe  plal«a  or  pistons  CC  ta  I 
more  in  and  out,  in  obedi 
enoe  to  the  form  of  the  cam 
Tbe  water  sntera  and  is  ic- 
moTed  from  Uia  chamber 
tfaioi^h  tbe  ports  or  Talvet, 
L  and  H ;  (be  directions  are 
initicatnd  b;  the  arrows. 

Tbe  MM  If  to  pUeed  that  eaen  run  u  la  loeceuioD  furesd  bs«k  into  it* 
•MtwbcB  oppeiita  B,  while  at  the  same  tioie  the  other  ralre  ii  driTan  tall; 
Inta  the  ssTiQ  of  tb*  chamber  i  thoa  foiciog  before  it  the  waUr  alraad;  there, 
iBia  tbe  eili  pipe  H,  and  drawiDg  after  it,  tbroogh  tbe  motioQ  pipe  P,  tbe 
BtTMOi  of  mpplf.  When  tbe  pump  ia  let  in  actioo,  the  lactioD-pip*  i*  gradnall; 
Bibaaitsd  of  air,  in  wbioh,  canaeqagntl;,  Ihe  water  aaoendf,  and  being  throwa 
Into  tha  eyliader,  it  ia  tboie  tarried  aronnd  bj  tbe  platea  C  C,  in  the  manner  jn»l 


This  ia  a  form  of  pnmp  often  emplojod  in  the  steam  fire-engines  now 
ooming  into  general  use. 

204.  FlT«'«iifllne. — In  order  to  obtain  a  continuous  and  powerful 
jat  of  water  from  fire-engines,  tbej  are  usually  constructed  with  two 
fbrdng.pnmps,  which  are  alternately  discharging  water  into  a  common 
n'ter.  The  pistons  ai«  moTed  by  brakes,  having  an  oscillating 
r  from  both  pomps,  forced  into  the  air-chamber. 
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escapes  throagh  a  long  leathern  hoee,  terminaled  hy  m  metal  tobt^ 

which  serres  to  direct  the  jet. 

295.  HieTO*a  fountain. — Id  this  apparahis  we  also  obtaiD^jetof 
water  by  means  of  air,  compressed  in  this  case  bj  a  oolnmn  of  water 
A  common  form  of  this  apparatus  is  repre-  243 

sented  bj  fig.  243. 

It  coD«if  t«  of  a  metallic  ci«t«ni  and  two  ^obea 
of  glaei.  Ibe  cistern,  I>,  commanicatet  with  the 
lower  part  of  the  gl«ibc  N,  bj  the  tube  B ;  a  Mcoad 
tube.  A,  joine  tbe  globes,  ending  in  the  upper  part 
of  both ;  3f  IB  partially  filled  with  water ;  and 
lastly,  a  third  tabe  passes  throagh  the  cistcra,  and 
terminates  at  the  bottom  of  M.  The  apper  extremity 
of  this  tube  has  a  small  orifice,  from  which  the  jai 
of  water  issues. 

Upon  pouring  water  into  the  cistern  D,  the 
liquid  descends  to  N,  by  the  tube  B,  conse- 
quently the  water  in  the  lower  globe,  X,  sup- 
ports, besides  the  atmospheric  pressure,  the 
pressure  of  the  column  of  water  in  the  tube. 
This  pressure  is  transmitted  to  the  air  in  the 
globe,  M,  which,  reacting  on  the  water,  forces 
it  out  through  the  jet,  as  seen  in  the  figure. 
If  there  was  no  friction,  and  no  resistance 
from  the  air,  the  water  would  spout  to  a 
heiirht  equal  to  the  difference  in  level  of  the 
water  in  the  two  globes. 

29G.  Hydraulic  ram. — In  the  hydraulic 
ram,  the  momentum  of  a  part  of  the  fluid  in 
motion,  is  effective  in  raising  another  portion. 
A  simple  form  of  this  apparatus  is  seen  in 
fig.  244.   The  water  descends  from  the  spring 

or  brook.  A,  through  the  pipe  B,  near  the  end  of  which  is  an  air-ehaia 

S44 
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l»er,  P.  and  rising  main, 
F.  The  orifice  at  the  ex- 
treme end  of  B.  is  opened 
and  closed  bv  a  valve,  E. 
o|  ening  d^^wn wards. 

When  tho  T»lve  E  is  open, 
the  water  flows  ibn^agh  B, 
«ntil  tho  current  becomes 
sufficiently  ni)nd  to  raise  the 
vwlvc  K,  and  thus  to  close 
the  orifice.    The  water  in  B  haviag  iU  motaoa  thas  svddsaly  cheeked,  exeitit 


ud  hmT 


ra'iHd  the  ihItc 
Th«c 


r  in  I>,  becuM  of  iti  clulitltjr, 
»lcr  in  A  B  i>  ]]roo|fat  to  tmL 
lufficisDt  lo  aiiitmiD  the  waighl 


ewuM  the  water  to  riw  io  the  pipe  F,  until  the 
WboD  tbi*  takM  place,  the  pmanre  ia  again  ii 
of  lb*  Talre  K,  wfaicb  opcua  (dM«Ddi|,  the 
water  in  B  !•  *sain  pot  in  motion,  and  the 
•ame  aeiiea  of  eSeoti  entne  u  h>*e  already  been 


The  hydrknUo  nun,  when  well  con- 
■traotad,  ia  capable  of  ntUiiing  abuut  60 
per  cent,  of  the  moTing  power. 

297.   CluliL-pninp.— The   chun-pDmp  ] 
acts  independent  of  etmoepheric  p 
It  oonuela  of  %  ejlinder,  fig.  245,  whoee 
lower  end  ia  immersed  in  the  water  gf  the 
reeenmr  B,  and  whoee  upper  part  enleri 
into  the  bottom  of  »  cialem,  C,  ioto  which 
the  wkter  ia  tc^  be  rused.     An   endkiM 
chain  ii  euried  aroand  the  wbeeU  abriTe 
and  bebw,  and  ia  farn^hed,  at  eqoal  dis- 
tancea,  with   oircnlar   platea,   which   fit  ■ 
cloeelj  into  the  cjlioder.     As  the  whpel  I 
is  reroWed  by  meaDa  of  power  applied  i 
nioally  hj  a  winch,  the  circular  plates  1 
*uoc«wiTelj  enter  the  cjUoder  and  carry  T 
the  water  np  before  them  into  the  cistern, 
from  which  it  passes  oat  by  a  spout. 

296.    Arohlmedea'  sctevr. — This  machine  ja  said  to  have  been  it 
Tenl«d  by  Archimedea  in  Egypt,  lo  iM 

ud  the  inhabitants  in  cleikring  the 
land  from  the  periodical  overflowings  'j 
of  the  Nile.  The  instmment  varies 
in  ita  form,  according  to  the  manner 
and  pnTpoeea  of  its  applicaUoo.  To 
lander  the  principle  npon  which  it 
works  intelligible,  let  us  sappoae  a 
tube  bent  in  the  form  of  a  cork- 
ajrew,  and  inclined  in  the  manner 
abown  in  fig.  246.  If  a  ball  be 
placed  in  A,  it  will  bll  to  B,  and 
there  ranain  at  rest;  if  the  screw 
ha  now  tnmed  ao  that  the  month  A  ia  placed  iu  its  lowest  position, 
'lie  point  B,  during  sooh  a  motion,  will  ascend,  and  will  (tssnme  tha 
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137.  A  masi  of  iron  (Sp.  Or.  7*8)  weighed  in  air  with  brass  weights  (Sp.  Or. 
i'Z)  460  grains,  what  would  it  weigh  in  a  vacuum  ? 

138.  A  glass  globe,  from  which  the  air  has  been  exhausted,  weighs  254*735 
grammes ;  when  full  of  air,  it  weighs  5422*737  grammes ;  when  full  of  another 
gas,  651*175  grammes  ,*  what  is  the  capacity  of  the  globe,  and  what  is  the  specific 
grarity  of  the  gas  ? 

Barometer  and  Balloona. 

139.  To  what  height  will  sea  water  (Sp.  Or.  =  1*026)  rise  in  a  Torricellian 
tube,  when  the  barometer  stands  at  28*76  inches  ? 

140.  When  the  merenry  barometer  stands  at  30  inches,  what  must  be  the 
length  of  a  water  barometer  inclined  to  the  horizon  at  an  angle  of  30°  ? 

141.  What  would  be  the  height  of  a  sulphuric  aoid  barometer  (Sp.  Or.  sul- 
phuric acid,  1*85)  when  the  mercurial  barometer  stands  29-35  inches  ? 

142.  Measurement  of  the  height  of  the  highest  peak  of  the  Smoky  Mountain, 
(Lai.  Zt^  N.)  in  North  Carolina^  September  8,  1859,  by  Prof.  A.  Ouyot  By 
obsenration  at  8^  ▲.  m.  * 

Barometer.    Temperature  Temperatars 
Eng.  iuchea.  of  Barom«ter.        of  air. 

Lower  station,  R.  Collins'  house,  4  ft.  above 

ground, A  =  27*862,  T  =^  66®*4,  t  =  66®'l. 

Upper  Station,  Smoky  Dome,  4  feet  below 

summit^ A'  =  23  963,T'=  51o*8,  «' =  51o-4. 

Mr.  Collins'  house  being  2500*2  feet  above  the  ocean. 

Calculate  from  these  data  the  height  of  Smoky  Dome  above  the  ocean. 

Altitude  calculated  by  Prof.  Ouyot,  6655*85  feet. 

143.  What  is  the  ascensional  force  of  a  spherical  balloon,  30  feet  in  diameter, 
iUed  with  common  illuminating  gas  (Sp.  Or.  *485),  the  weight  of  the  balloon  and 
ear  attached  being  200  lbs.  ?  What  if  it  were  two-thirds  filled  with  hydrogen 
(Sp.  Or.  of  hydrogen,  0*069)  ? 

144.  A  balloon  entirely  filled  with  illuminating  gas  (Sp.  Or.  '500),  is  so  bal- 
lasted that  it  rises  to  an  elevation  where  the  mercury  stands  at  15  inches.  Suppose 
one-half  the  gas  is  now  liberated,  will  the  balloon  rise  or  fall  ?  and  what  amount 
of  ballast  should  be  put  in,  or  thrown  out,  to  cause  the  balloon  to  remain  sta- 
tionary, at  the  same  elevation  as  before  any  gas  was  liberated  ? 

Mariotte*a  Lanr.     (Regarded  as  ijivariabU.) 

145.  What  proportion  of  a  tube,  34  feet  high,  can  be  filled  with  water,  the 
contained  air  being  assumed  to  be  compressed  at  the  bottom  of  the  tube  ? 

146.  A  faulty  barometer  (containing  air)  indicated  29*2  and  30  inches,  when 
the  indications  of  a  correct  instrument  were  29*4  and  30*3  inches  respectively; 
find  the  length  of  tube  which  the  air  in  the  column  would  fill  under  the  pressure 
of  30  inches  ? 

147.  A  glass  globe,  10  c.  m.  in  diameter,  hermetically  sealed,  weighs  45*120 
gram,  when  the  barometer  stands  at  74  5  c.  m.  What  would  it  weigh  if  the 
barometer  stood  at  76  c.  m.  ? 

148.  A  glass  globe  hermetically  sealed,  30  c.  m.  in  diameter,  suspended  to  one 
arm  of  the  balance,  is  poised  by  320*422  gram,  in  brass  weights,  when  the  baro- 
meter stau'is  at  76-21  c.  m.  After  a  time,  it  is  found  to  have  lost  in  weight 
0*022  gram.  What  is  now  the  height  of  the  barometer,  supposing  the  tempera- 
tare  not  to  have  changed  ? 
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CHAPTER  V. 

OF  UNDULATIONS. 
2  1.  Theory  of  Undalattoiuk 

299.  Origin  of  andalations. — Bj  the  operation  of  oertain  foreea, 
the  different  parts  of  all  bodies  are,  ordinarily,  held  in  a  state  of  equi 
librium  or  rest.  If  the  molecules  of  a  body  are  disturbed  by  any 
ejLtraneous  force,  they  will,  after  a  certain  intenral,  retom  to  the  state 
of  repose.  This  return  is  effected  by  the  particles  approaching  the 
position  of  equilibrium,  and  receding  from  it,  alternately,  until  at 
length  the  body,  by  the  resistance  of  the  medium  in  which  it  is  placed, 
and  by  other  causes,  is  gradually  brought  to  rest.  The  alternate 
movements  thus  produced,  are  variously  expressed  by  the  terms  vibra- 
tii>n8,  oscillations,  waves,  or  undulations,  according  to  the  state  or  form 
of  the  IxHly  in  which  such  movements  occur,  and  the  character  of  the 
motions  which  are  produced. 

3iXl.  Progreaaive  undulationa. — Undulatory  movemento  are  of 
two  kinds,  progressive  and  stationary.  In  progressive  undulations,  the 
^mrtiolos  which  have  been  immediately  excited  by  the  disturbing  eauec^ 
wuununioate  their  motion  to  the  particles  next  them,  and  aa  this  move- 
mont  of  the  particles  is  successive,  the  position  they  assume  at  any 
l^rtioular  moment  during  their  motion,  appears  to  advance  from  one 
plHiH^  to  another. 

Thi$  kin.i  >':'  anxtuUtion  b  oKMrred  in  m  cord  made  tut  at  one  end,  whfk 
I  ho  oiWi  19  ^wArtlr  *hak<rn  ap  and 
dots  « .  t^^  |N*r'.;on  of  th*  i^ord  n^aresl     |  ^ 
Iho  hAK.i  vxV.  Aj^um^"  th«  p\V5itK^n  in 
«w    ?*N   1.  *  •»■  K  O      Suoh  a  waT» 
>Kvx  %>,-<  o\>i>.t'.iitto   »ta;ionjirT ;    ih«    Urn 
m.'wvt^i    \t    19  tVnmovt.  it  a.Karo'yjc 

.  ■ ''*  l\w  o«  nNivV-xr.jf  wbj*'^.  III. 
».•  "^^vMnrsl  >-v.M*  ».*  frvs^Kv^csi.  IV. 
*-.i    iS*»   wi%\v   TvtKrrjk   V.   to    ;>♦ 


:v«- 


*'.v«v«iv  w.<>vwcy.t  wv  V  rfc>v*oi  a  ?xmSrr  w^  ii«M«  Wlbt*  the  eord 
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301.  Mcchaaioal  illnsttatloa  of  andnlatloiu.— In  fig.  24S  i* 
abowD  PoioeWt  apparalm  for  illuatrating  progreMive  uDduUtioni.  A 
Mries  or  balli  are   to   moanted  ZIB 

npOD  metallic  roda  that  tbej 
have  freedom  of  motion  onl;  in 
•  TMiieal  dirMtion.  On  a  shaft 
turned  bj  a  crank,  Bhuwn  in  the 
lower  part  of  the  figure,  are 
planed  a  Beries  of  eccentric 
wheelj  (one  nnder  each  rod)  so 
arraoged  as  to  raiie  the  rodi  one 
after  tfaa  other.  When  one  rod 
u  rising  another  is  falling,  and 
the  wa?e  appears  Ut  travel  from 
one  end  of  the  series  to  the  other. 
Am  »ooa  as  one  wave  disappears 
another  ia  formed,  and  these 
waves  saeceed  eaoh  other  like 
the  andalBdons  of  a  cord. 

302.  BtatlonatT  a&dnlatlons. — Undulations  are  termed  stationary 
when  all  parts  of  the  body  assume  and  completo  their  motion  at  the 


Thna,  wfasa  ■  cord  atntotied  betwwn  A  B,  fig.  HO,  it  drawD  at  tbs  middle 
firom  ita  netillnau'  poiilion.  It  altimatfllr  recoTcn  iu  origioal  position,  sAsr 
parforaiDg  a  lariM  of  Tibralioai,  in  which  ail  parts  of  tlie  cord  parUcipata. 

303.  laoohronotu  wlbratloiu. — Those  ribrations  that  perform  tbeir 
joamej  on  either  aide  of  their  normal  position  in  equal  times,  ara 
termed  isochronouH  (from  (17117,  equal,  and  ^povo^,  time). 

Tbe  mOTaututi  of  a  psndnlnm  ramuh  ■  perfect  UlailraliDn  of  neb  Tibra- 
lioai <79). 

304.  Phaa«a  of  nnditlatloiu.— In  everj  complete  oscillation,  or 
perfect  wave,   tbe   following  parts   maj  be   recognised.     T 


3^ 


9*£ 


aehde,  flg.  251,  ia  called  a  wave.  The  part  aeh,  which  risea  above 
the  position  (^equilibrium,  is  called  the  phase  of  elevation  of  tbe  ware, 
e  being  the  point  of  greatest  eloTation ;  the  cnrre  b  d  c  is  called  the 
plisae  of  depreaaion  of  tbe  wave,  tbe  pcunt  d  being  that  of  greatest 
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depression.  The  distance  tf^  of  the  highest  point  ahove  the  posiUon 
of  eqailibriam,  is  called  the  height  of  the  wave,  and  in  like  manner  the 
distance  g  d,  of  the  lowest  point  below  the  position  of  equilibriam,  is 
called  the  depth  of  the  wave.  The  distance  a  e,  between  the  beginning 
of  the  elevation  and  end  of  the  depression,  is  called  the  length  of  the 
wave,  the  distance  a  b  the  length  of  the  elevation,  and  b  e  that  of 
depression. 

305.  Nodal  points. — When  a  body,  as  a  string,  is  made  to  assnm« 
a  series  of  stationary  vibrations,  the  points  where  the  phases  of  eleva- 
tion and  depression  intersect,  are  always  at  rest. 

Let  the  oord  stretched  between  A  B,  fig.  252,  be  temporarily  fixed  at  Uie  points 
C  and  D,  and  the  three  parts  be  drawn  at  the  same  moment  equally  in  contrary 
directions,   so   that  the  oord   will  252 

assume  the  undulating  form  repre-  ^ — ^^^  q    ^ ^    jy 

sented  in   the  figure;  if  now  the  ^^ ^  n^''*'  '\^^   ^\  y 

fixed  points  at  C  and  D  be  removed,  *v  y^Z^~~y^^Z^     ^' 

no  change  will  take  place  in  the  ' 

vibratory  motion  of  the  cord ;  but  as  it  continues  to  vibrato,  tbe  points  C  and 
D,  although  free,  will  be  in  a  state  of  rest. 

Pieces  of  paper  resting  upon  these  points  will  be  undisturbed,  while, 
if  placed  on  the  intermediate  positions,  they  would  be  thrown  off  imme- 
diately.   These  are  called  nodal  points  (Latin,  nodtis^  a  knot). 

2  2.  Undalations  of  Solids. 

306.  Solid  bodies. — All  solid  bodies  exhibit  the  phenomena  uf 
vibration  in  various  forms  and  degrees,  varying  in  an  infinite  variety 
of  ways,  according  to  the  form  of  the  body,  and  the  manner         353 

in  which  the  force  producing  the  vibration  is  applied. 

307.  Forms  of  ▼ibration. — Bodies  of  a  linear  form, 
as  tense  strings,  fine  wire,  &c.,  are  susceptible  of  three 
kinds  of  vibration,  which  are  called  (1st)  the  transverse, 
(2d)  the  longitudinal,  and  (Sd)  the  torsional  vibrations. 
A  simple  apparatus  to  exhibit  these  effects  experimentally, 
contrived  by  Prof.  August,  is  represented  in  fig.  253.  It 
consists  of  a  spirally  twisted  wire,  stretched  from  a  frame 
by  a  weight.  If  the  weight  be  raised  to  A,  and  then  let 
fall,  it  will  advance  and  recede  from  its  normal  position, 
the  wire  performing  a  series  of  longitudinal  vibrations. 

Transverse  vibrations  are  produced  by  confining  the  lower  end  of  th« 
wire  by  a  clamp.  The  wire  is  then  drawn  from  its  position  of  equili- 
brium and  suddenly  let  go.  The  vibrations  which  it  then  makes,  shown 
by  the  dotted  lines,  are  transverse  to  the  axis  of  the  wire.  Ibrsumal 
vibraiions  are  produced  by  turning  the  weight  around  its  vertical  axis ; 
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apon  letting  it  go,  the  torsion,  or  twist  of  the  wire,  caoses  it  to  tnm  back, 
its  inertia  canning  it  beyond  its  position  of  eqnilibriam,  until  arrested 
bj  the  resistanoe  of  the  wire,  and  these  alternate  twistings  will  oontinao 
with  a  constantly  decreasing  energy,  nntil  gravity,  and  the  molecular 
forces  of  the  solid,  restore  the  equilibriam. 

308.  ▼ibration  of  cords. — Cords  and  wires,  as  is  familiarly  seen 
in  stringed  instruments,  haye  their  elasticity  developed  by  tension. 
The  transrerse  vibrations  of  a  body  are  well  illustrated  by  the  simple 
apparatus  annexed. 

Thos  if  the  oord  afh,  fig.  254,  be  drawn  out  in  the  middle  to  a  e  6,  apon  being 
kt  go,  its  elsstioity  eaiues  it  to  retarn  254 

to  Its  former  position.    This  movement  f 


is  effeeted  with  mh  aoeelerated  velocity,  ^^x"""^  ^  ^"^^"^ 

and  Is  at  its  maximum  wben  the  cord  has 


readied  the  line  of  eqailibriam  a/ 6,  con-  « 

seqaently  it  passes  with  a  constantly  decreasing  veloci^  to  a  <<  fr,  where  its 

moUoa  is  nothing ;  it  tiien  retoms  U>  a/ 6,  and  so  continues. 

One  complete  movement,  (as  from  ae6toa<i&,)is  termed  an  oscil- 
lation or  vibration,  and  the  time  occupied  in  performing  it  is  called  the 
time  of  oscillation.    The  vibrations  of  tense  strings  are  isochronous. 

309.  Laws  of  the  ▼ibration  of  cords. — Calculation  and  experi- 
ment have  demonstrated,  that  the  vibration  of  cords  is  in  accordance 
with  the  four  following  laws. 

1.  Th€  iensian  being  the  same,  the  number  ofvibraiione  of  a  cord  u  in 

inoene  ratio  to  0$  length. 

That  Is,  If  an  extended  oord,  as  of  a  violin,  makes  in  a  oertain  time  a  number 
of  vibrations,  represented  by  1,  then,  in  order  to  make  a  number  of  vibrationsy 
represented  respectively  by  2,  3,  4,  the  cord  must  be  i,  i,  |  as  long. 

2.  The  tension  being  the  same,  the  number  of  mbraUons  in  cords  of 

the  same  material,  is  in  the  inverse  ratio  of  their  thickness  or  diameter. 

That  Is,  If  we  take  two  cords  or  wires  of  the  same  length,  of  copper  or  steel, 
as  those  of  a  piano,  one  of  which  is  twice  the  diameter  of  the  other,  and  which 
vibrate  equal  lengths,  the  small  one  will  make,  in  the  same  time,  twice  as  many 
vibrations  as  the  larger. 

3.  The  number  of  vibrations  of  a  cord  is  proportional  to  the  square 

root  of  the  stretching  weight. 

That  Is,  If  we  represent  by  1  tbe  number  of  ribrations  made  by  a  eord, 
extended  by  a  weight  of  1,  then  the  number  of  vibrations  made  by  a  similar  cord 
of  the  same  length.  In  the  same  time,  becomes  respectively  2, 3,  4,  Ac,  when  the 
weight  Is  Inereased  to  4,  9,  16,  Ac.  Thus,  if  we  would  cause  a  given  cord,  as 
of  a  violin,  to  vibrate  with  a  four-fold  velocity,  it  is  necessary  to  strain  it  to 
slxteen-fold  the  original  tension. 

4.  AU  other  things  being  equal,  the  number  of  vibrations  of  a  card  is 
mvers^  proportional  to  the  square  root  of  its  density. 
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Thus,  if  we  take  a  oord  of  copper  whioh  haa  a  density  of  9,  and  one  of  eat- 
gnty  whose  density  is  about  1,  the  number  of  ribrations  of  the  last  in  the  same 
time  will  be  three  times  that  of  the  former. 

It  is  evident  that  these  laws  apply  only  to  homogeneous  cords,  an<* 
not  to  thAse  cords  which  are  covered  with  another  material,  as  a  har^ 
string  of  cat-gut,  covered  with  metallic  wire. 

310.  Vibrations  of  rods. — Rods,  like  cords,  vibrate  both  in  longi 
tudinal  and  transverse  directions.    If  they  are  fixed  firmly  by  one  dI 
their  extremities,  as  in  a  vice,  they  will  give,  when  set  in  motion,  a 
series  of  isochronous  vibrations. 

Elastic  rods  may,  like  strings,  be  divided  by  stationary  undulations 
into  several  vibrating  parts.  The  nodal  points  may  be  ascertained  by 
placing  upon  the  rods  light  rings  of  paper ;  these  will  be  thrown  off  as 
long  as  they  rest  upon  any  point  except  a  node,  but  when  they  reach  a 
node,  they  will  remain  there  unmoved. 

The  space  between  the  free  extremity  and  the  first  nodal  point  is  equal  to 
half  the  length  contained  between  two  nodal  points,  but  it  vibrates  with  the 
same  velocity.    Thus  a,  fig.  255,  being  the  fixed,  255 

and  h  the  free  end,  the  part  between  b  and  c  is        ^^^^^    # 
half  the  distance  e  c'.     The  nodal  points  may  be  **'< 
rendered  sensible  by  sand  strewn  upon  the  hori- 
lontal  surface  of  the  vibrating  rod ;  the  sand  is  seen  to  more  to  oertain  points, 
where  it  remains  stationary ;  these  are  the  nodes. 

Rods  may  also,  like  cords,  vibrate  longitudinally,  and  the  nodal 
points  are  formed  in  the  same  manner.  It  has  been  observed  in  elastic 
rods  of  the  same  nature,  that  the  number  of  longitudinal  vibrations  is 
in  the  inverse  ratio  of  their  length,  whatever  may  be  their  diameter 
and  the  form  of  their  transverse  section. 

A  prismatic  bar,  vibrating  longitudinally,  undergoes  a  very  consi- 
derable increase  of  length,  which,  in  the  state  of  repose,  could  not  be 
produced  except  by  a  vei;y  strong  tension,  while  the  vibratory  movement 
is  obtained  by  a  very  feeble  force. 

The  number  of  vibrations  by  torsion  in  rods,  is  in  the  inverse  ratio 
of  their  length,  and  is  proportional  to  their  thickness,  the  substance  in 
all  cases  remaining  the  same. 

311.  Paths  of  ▼ibration. — The  motion  performed  by  vibratjng 
rods  is  often  very  complex.  This  may  be  beautifully  seen  by  the  con- 
trivance of  Prof.  Wheatstone,  consisting  of  a  polished  bead  fastened  on 
the  extremity  of  an  elastic  rod,  as  of  a  knitting-needle,  firmly  fixed  in 
a  board  or  vice. 

Upon  making  the  rod  vibrate,  the  bead,  by  reflection,  will  prodnoe  a  continu- 
ous line  of  light.  It  will  be  seen  that  thQ  arc  described  is  not  circular,  but  the 
rod  appears  to  be  impressed  at  the  same  time  with  two  vibratory  movements,  at 


or   UNDULATIONS. 


241 


light  MuglM  to  aaoh  other,  and  moTes  in  »  eurw  prodaoed  hy  the  eomposition  of 
these  foreee. 

312.  Tibration  of  elastic  plates. — YibratioDs  are  readily  excited 
in  elastic  plates  by  the  friction  of  a  violin-bow  or  by  blows.  The  plate 
may  be  confined  either  at  its  centre  256 

or  from  one  comer,  in  the  vice,  fig. 
256,  resting  npon  a  cone  of  cork,  e, 
and  pressed  by  the  screw  a,  tipped 
with  cork. 

In  the  vibration  of  plates,  nodal 
lines  will  be  formed,  which  do  not 
participate  in  the  movements  of  the 
plane,  bat  remain  in  a  state  of  rest. 

313.  Nodal  Unes.— These  nodal 
lines  answer  to  the  nodal  points  in 
linear  vibrations,  and  if  we  suppose 
the  plane  to  be  made  up  of  a  series 
of  rods,  these  lines  will  answer  to  their  nodal  points.    They  run  in 
various  directions  across  the  vibrating  surface,  the  contiguous  ones 
moving  in  contrary  directions,  dividing  the  planes  into  numerous  por 
tions  in  opposite  phases  of  vibration. 

TbU  is  shown  in  fig.  257,  by  the  signs  -|-  '^^  — ,  A  B  being  the  vibrating 
plane.  The  dinensions  of  theee  intemodes  (vibrating  portions),  are  regulated 
in  the  same  manner  as  those  of  vibrating  rods.  267 

The  outside  ones,  ah,  ab,  are  always  half  the 
sise  of  those  in  the  interior.  The  nodal  lines 
vary  in  their  number  and  position,  according  to 
the  form  of  the  plates,  their  elasticity,  the  num- 
ber of  vibrations,  the  mode  of  vibrating,  Ao. 

314.  Determiiiatlon  of  the  position 
oi  the  nodal  lines. — ^The  position  of  the 
nodal  lines  may  be  determined  by  scatter- 
ing sand  or  other  fine  material  over  the 
plate,  sad  vibrating,  as  by  means  of  a 
violin-bow  drawn  across  the  edge  of  the 
plate ;  the  grains  of  sand  will  remain  upon  the  points  which  are  at 
rest,  and  which  are  therefore  nodal  points.  Those  which  are  upon 
vibrating  portions,  ^11  be  thrown  aside  until,  after  a  time,  they  will 
settle  qnielly  down  upon  the  nodal  lines. 

It  is  observed  that  if  Iffcnpodium,  or  some  other  very  light  powder,  is  placed 
upon  the  plates,  it  will  aecomulato  on  those  parts  which  are  in  greatest  vl-»ra- 
Hon.  Ifr.  Faraday  proved  that  this  phenomenon  was  due  to  small  currents  of 
air  produced  daring  the  vibration  of  the  plate,  and  which  drew  the  powder  with 
them;  for  in  a  vaeoam,  the  powder  of  lycopodium  is  disposed,  like  sand,  upon 
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«  ratio  of  lilt  apuir*  o/ 


the  nodal  Hum,  aod  fbr  iIh  ume  nuoD ;  if  tha  ptsta  MT«nd  irilh  uod  It 
*lbrat«d  under  wMar,  the  suid  eollecU  npan  the  moat  ■gilated  partiont  of  Um 
pUl«,  b«04iu«  of  (he  aimllar  cntraaU  eiailed  id  Uia  waMr  b;  tba  Tibntioiu. 

315.  Lkips  of  tlM  vlbTKtton  of  plat«s. — Observatiaa  b*a  dMar> 
iniDed  that  the  vibratioD  of  plates  of  the  Mni«  eubstsooe,  and  having 
the  same  degree  of  rigidity,  are  subject  lo  the  following  laws: — 

I  ind^endetU  of  Ote  bnadtk  of 

2.  S  it  proporUonal  lo  their  lAkkiteit. 

3.  The  tkidcaai  being  lit  ninM,  if  i*  in 
lAtir  lettglh. 

316.  Method  of  doUnmtliis  nodal  linea.— As  these  nodal  lines 
assume  varioas  and  oomplioated  figares,  diffioalt  to  delineat«  with 
aoearacj  by  aaminon  drawing,  Savart  replaced  the  sand  bj  powdered 
lilmns,  previously  mixed  with  gum  water,  dried  and  pulveriied  to  a 
noiform  siie.  The  acoustic  figures  being  produced  with  this  powder,  a 
|)aper  mai»t«ned  with  gum  water  was  then  gently  pressed  upon  them, 
thus  giving  an  eiaot  transfer. 

This  metbad  gave  gieM  faoilitiei  for  the  eompariaon  mod  ibidy  of  these  tagl' 
tire  fl^rea,  ao  dlDoalt  la  produce  with  perfect  identitj,  ud  enabled  (he  invanloi 
to  determine  the  eiaot  limits  of  tbe  noilal  linea  and  areae  of  uneqnal  libraUoa. 


317.  ITodBl  fisntM.— Nodal  (. 
symmelfy  of   form,   and 
tiwir  lines  are  generally 


'  acoustic)  figures  have  always  a  great 


as  tbe  number  of  vibra> 
lions  is  greater.  The 
eame  plate  may  fumidi 
an  infinite  variety  of  Bg- 
ores,  which  pass  from  one 
to  anudier  in  a  continu- 
ous manner,  and  not  by 
sadden  changes.  Thus  the 
fignresaftcde/,  fig.  258, 
pass  into  one  another 
without  intermission. 

Has;  hondred  fonns  ot  nodal  flgnrsa  have  been  lltarMl.    Ftg.  Wi  mpnseni* 
a  b«  of  tboae  obtained  on  sqoara  pUtee.    Trtanfolar  and  poljgassl  plaUs  aU 
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he  diuneUr,  dWiding  the  circle  Into  as 
r  legi  ngnlu  circalw  fornn,  hMing  th« 

otBtn  of  the  plate  at  their  cammoD  centre,  or  in  both  of  thea*  brmi  eambiUHL 

tig.  SBl  repreaeDia  Uieaa  difetrat  Tarieties  ot  form. 


318.  VlbntUon  of  OMmbntiM.— The  flexibility  of  membnnea 
doea  not  permit  as  l«  Tibrale  tbem  unleas  tbej  are  stretehed  sa  iti  b 
dman.    Thej  pr«WQt  modea  of  >M 

Tibnttaon  which  hsre  mach  »  ~ 

log7  to  llmw  of  (olid  pUlea, 
¥ibrating  either  by  ooi 
u  in  the  drum,  or  bj  the  infiii- 
enee  of  ribrations  in 
If  we  idetch  ont  the  top  of  e 
fuoDol    ft    piece   of    moistened 
bladder,  and  when  it  ia  dry, 
■oepend   the   npparmtue   by   a 
knotted   bur,  passed   throngh 
(he  centre  of  the  membn 
OU  prodnoe  aymmetrical  nodal 
lioea  upon  ita  enrfaoe,  atrewed 
with  Mnd,  by  pHsing  the  fio- 
|en,fOTered  with  reain,  over  the  hair.    The  si 
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DbBerT«d,  if  we  bring  the  membruTie  near  a  bell  while  it  is  vibrating. 
Tht)  ncoiistic  figures  obtnined  by  tbe  ribralion  of  mcmbrrineB  ore  ei- 
troinety  varied.  SoTurt  boa  obaervcd  that  square  monibranes  are 
divided  bj  their  nodal  liues  into  the  same  forms  ns  square  plnles  under 
the  Baiue  oircnmHtances,  witb  this  difference,  that  the  vibrating  parts 
Id  the  vicinity  of  the  edges  are  smaller  far  the  last,  vrhile  tliej  are 
equal  to  the  otherB  in  meinbrnues.  Fig.  SG2  reproRenta  a  few  of  the 
forma  produced  in  the  vibration  of  membranes.  It  bos  been  found 
that  wood  and  metaU  in  very  thin  luminrc,  vibrate  like  membranes. 
i  3.  nnduliitiona  of  Liquids. 

310.  Production  of  vravea, — LiquidH  are  L'Bpnble  of  aneuming 
tindulatorj  maceiiieut^,  nimihir  bi  tlie  vibralii^ns  of  solids,  differing 
from  them,  however,  iu  some  respects,  in  conBequence  of  the  different 
physical  arrangement  of  their  at'>ms.  If  a  depression  be  made  nt  anjr 
point  in  tbe  surface  of  a  fluid  in  a  state  of  rest,  by  the  dropping 
in  of  a  solid,  as  of  a  pebble  into  water  or  by  immersing  and  then 
withdrawing  the  solid,  a  circular  u 
the  point  of  deprassiou  there  first 
level  of  tbe  liquid  whan  in  equilibrium,  and  immc<liately  beyond  this 
is  a  circular  depression,  and  so,  alternately,  successive  elevations  and 
depressions.  Thus  tbe  initial  motion  nil!  be  gradually  propagated  in 
a  series  of  progressively  widening  circles ;  wave  follows  wave,  uoUl 
opposing  causes  allow  the  equilJbriunl  to  be  regained.  Thus,  in  fig. 
26^,  tbe  light  circles  D  and  F  represent  the  elevations,  and  tbe  shaded 
ones,  0,  E,  G,  the  depressions  of  these  SS3 

circular  waves. 

As   In  tbs  cau  ol  Iba  vibrstidna   or 

pbue  of  deprDSiiun,  uid  iiuothsr  u(  «1b- 
vntiun.     This  ma;  bo  rendered  more  in- 
telliEible  bj  coneoiyiug  a  rortind  pUne, 
A  B,  1«  p«s<  thmugb  llie  pnint  C,  «b«u«  * 
thn  wnvaa  originate.     Il  ia  pluD  tbat  a 
progresalre  lineal   undulalioo  will  arise 
CD  it,  resumbling  Ibat  of  the  cord,  fig. 
St8.      Thia  aoeUon  ia  bmb  io  flg.  284, 
A'  C  B',  and  lbs  nDnKnclalurc  Daed  fn 
tha  ooid  applies  (o  it,  with  thia  dlffvTeDce 
011I7,  that  b7  tba  bruadth  of  the  wavs  la  mei 
its  length.  <he  iengtb  ot  botb  ihe  Elevated 
and  drpreaied  porLlona.     (Peecball  ] 

320.  Fiogreaaive  nndulatiom  tn 
liquids. — In  a  movement  of  tlio  ki 
just  indicated,  the  fluid  appeiira  aa 
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greMiTely  from  the  point  of  excitation ;  but  this  is  a  delusion,  float. 
isg  bodies,  as  pieces  of  wood,  are  not  hurried  forward  on  the  sar- 
fiMe  of  the  water,  but  merely  rise  and  fall,  alternately,  as  the  waves 
pass.  The  true  nature  of  the  motion  is  such,  that  each  particle  of  the 
fluid  describes  a  vertical  circle  about  the  spot  where  it  may  happen  to 
be,  revolving  in  the  direction  in  which  the  wave  is  advancing.  The 
particle  tiius  returns  to  its  former  position  in  the  same  plane,  one-half 
being  above,  and  the  other  half  below  the  level  of  the  fluid.  Each 
particle  of  fluid  thus  set  in  motion,  imparts  a  similar  movement  to  its 
contiguous  particle,  this  again  to  the  next,  and  so  on.  But  as  a  certain 
time  must  elapse  for  this  transmission  of  motion,  the  different  particles 
will  be  describing  different  portions  of  their  circular  movement  at  the 
same  moment.  Some  will  be  at  the  highest  point  of  their  vertical  circle, 
while  others  are  in  an  intermediate  position,  and  others  at  the  lowest^ 
giving  rise  to  a  wave  which  advances  a  distance  equal  to  its  whole 
length,  while  each  particle  performs  one  entire  revolution. 

For  the  take  of  simplicity,  we  will  consider  only  eight  of  the  many  particles 
whieh  we  may  eoneeive  aa  occupying  the  horiiontal  sarface  between  a  and  m, 
ig.  M5.  Imagine  the  partiole  a  to  be  at  rest,  when  a  descending  ware  strikes 
IL  It  will  be  depressed,  and  will  begin  to  rerolre  in  a  vertical  circle  in  the 
dJrectioB  of  the  arrow.    If  we  consider  eight  such  particles  to  be  situated  on  the 

365 

Ime  a  m,  and  that  each  particle  begins  its  motion  |  of  a  revolution  later  than  its 
neighbor  next  on  the  left  hand ;  then  at  the  instant  when  a  has  oompletod  one 
entire  revohition,  the  second  will  be  one-eighth  behind  it,  vit. :  at  7 ;  the  3d, 
two-eighths  behind  it,  vis.?  at  6 ;  and  the  fodrth,  fifth,  sixth,  seventh,  and  eighth, 
at  the  points  5,  4,  3,  2,  and  1  respectively,  whilst  the  9th  particle  is  but  just 
beginning  to  move.  Connect  the  points  a,  7,  0,  5,  4,  3,  2,  1,  m,  and  the  line  will 
lepiessnt  the  form  of  the  fluid  snrfkoe  at  that  preeise  moment  of  the  undulation. 

The  diameter  of  the  circle  which  each  particle  describes,  is  the  ampli- 
tade  or  intensity  of  the  wave,  c6  its  depth,  and  ^  its  height,  each  of 
wiiieh  is  equal  to  the  radius  of  a  circle  which  any  particle  describes 
daring  one  oscillation.  This  radius  is  longer  or  shorter  according  to 
the  amplitude  of  the  wave.  It  is  sometimes  twenty  feet,  which  makes 
a  veiy  bigli  wave,  probably  the  largest  which  ever  occurs  on  the  ocean 
in  a  ^lent  storm,  unless  it  be  those  waves  which  have  been  increased 
bj  the  accumulation  of  wave  upon  wave. 

821.  BtBtiomaxj  warea. — Stationary  undulations  may  be  proiluced 
bj  ezeiting  waves  in  a  circular  vessel,  from  its  central  point    The 

from  the  circular  waU,  will  produce  another  series^ 
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which,  combined  with  the  first,  will  produce  the  effect  of  a  stationary 
andulation.  So  also  they  may  be  produced  on  a  surface  of  a  liquid 
confined  in  a  straight  channel  by  exciting  a  succession  of  waves,  sepa- 
rated by  equal  intervals,  moving  against  the  side  or  end  of  the  channel, 
and  reflected  from  it. 

322.  Depth  to  which  waves  extend. — Waves,  or  undulations, 
are  not  only  propagated  laterally,  but  also  in  all  other  directions.  It 
has  been  ascertained  (by  the  Messrs.  Webber)  that  the  equilibrium  of 
the  liquid  is  not  disturbed  to  a  greater  depth  than  about  three  hundred 
and  Ifty  times  the  altitude  of  the  wave. 

323.  Reflection  of  waves. — If  a  series  of  progressive  waves  are 
arrested  by  impinging  against  any  solid  surface,  they  will  be  reflected 
again  from  that  surface  under  the  same  angle  at  which  they  struck  it. 
This  reflection  of  waves  is  occasioned  by  elasticity,  and  obeys,  precisely, 
the  laws  which  regulate  the  impact  of  elastic  bodies. 

Since  this  law  applies  to  all  the  rays  which  constitute  the  breadth  of 
a  wave,  the  path  of  a  reflected  wave  may  readily  be  determined  by  a 
knowledge  of  the  surface  and  the  angle  of  incidence.  If  the  wave  is 
linear,  (that  is,  if  the  line  resting  upon  the  highest  point  of  the  elevation 
at  right  angles  to  the  direction  in  which  it  is  moving,  is  a  straight  line), 
and  it  meets  a  plane  surface,  it  will  be  reflected,  and  return  in  the  same 
path.  If  it  meet  the  surface  at  an  angle  of  20°  or  30°,  it  will  be  reflected 
at  the  same  angle,  on  the  other  side  of  the  perpendicular  to  the  reflect- 
ing surface. 

324.  Waves  propagated  from  the  foci  of  an  ellipse. — If  the 

vessel  is  in  the  form  of  an  ellipse,  and  a  wave  originate  at  one  of  the 

foci,  all  the  rays  will  converge  so  as  to  fall  266 

simultaneously,  after  reflection,  on  the  other 

focus. 

Fig.  266  represents  an  ellipse,  of  which  F  and 
F'  are  the  foci,  which  have  the  following  property. 
If  lines  be  drawn  from  the  foci  to  any  points, 
P,  P,  P,  in  the  ellipse,  these  lines  will  form  eqaal 
angles  with  the  ellipse  at  P,  and  their  lengths 
taken  together,  will  be  equal  to  the  m^jor  axis 
A  B.  If  we  suppose  a  series  of  circular  progres- 
sive waves  propagated  from  the  focus  F,  their  rays 
will  strike  successively  and  at  equal  angles  upon  the  elliptical  snrfkoe,  as  at  th« 
points  P  P  P ;  they  will  be  reflected  in  the  direction  P  F',  towards  the  other  foous. 
But  as  all  the  points  of  the  same  wave  move  with  the  same  velocity,  they  will 
all  reach  the  focus  F  at  the  same  time,  for  the  distances  they  pass  over  are  equaL 
Hence  it  follows,  Uiat  each  circular  wave  that  expands  around  F,  will,  after  it 
haf  been  reflected  from  the  surface  of  the  ellipse,  form  another  circular  wave 
around  F'  as  a  centre. 

325.  Waves  propagated  from  the  focus  of  a  parabola. — If  the 
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rarTaM  be  a  parabola,  aad  a  wAve  originate  at  its  focus,  all  the  »;■ 
will,  after  NQeotion,  para  io  parallel  lines.  Or,  if  the  rajs  impinge  in 
parallel  lines,  they  will,  aftef  reflection,  converge  to  the  focus. 

Fig.  lAT  ntmsenu  tfas  pmnbolics  curre.  The  point  V  ia  ili  Tsrlcx,  the  tin* 
7  H  ill  uii.  Tbe  point  F,  npon  the  uii,  ia  the  taciu,  snd  bu  the  rollawiog 
property,     [f  linaa  be  dniia  rrom  ibe  focui  to  ■□;  pointi,  2B7 

P,  in  thB  earn,  und  other  linei  be  dimwn  from  Ihe  poind,  P, 
mntuBj  puallel  U>  the  aiii  V  M,  meeting  liuea  W  W,  dnvn 
peipeodicnUr  la  the  uii,  the  linea  F  P  and  P  p  will  be  io- 
elinad  tX  eqnal  angleg  to  tha  cnrre  M  tbe  point  P,  and  the 
■nm  of  their  leDgtbi  will  be  eTei^wheie  the  Bsme,  Ueoce 
it  mKJ  be  demonitnted,  u  in  the  cue  of  the  ellipse,  Ihkt  if  ,. 
a  Hriee  of  progreuiTe  varea  be  propaf^mtod  from  the  focna 
V,  these  wbtm,  after  atriking  the  enrve,  will  be  relleoted,  ao 
>f  to  fbna  a  series  of  pBTsllel  atnight  warea. 

HonoTer,  it  is  evident  that  if  two  parabolas  face 
•aoh  other,  so  as  to  have  their  axes  coiouident,  a  sjs- 
tetn  gf  progretsive  oircalar  waves,  issuing  from  one  focus,  will  be  ful 
lowed  bj  a  oorresponding  system,  having  fur  its  centre  tbo  other  fiieua. 
For  if  a  lerias  of  parallel  straight  waves  strike  a  parabolic  surface, 
(heir  reflection  would  furm  a  series  of  circular  waves,  of  which  the 
oentre  woe  Id  be  the  focus. 

Rajs  reflected  from  spherical  surfaces,  whose  extent  is  small  com- 
pared with  their  diameter,  will,  in  their  direction,  approximate  closelj 
to  those  reflected  from  a  parabolic  boundarj. 

326.  Clronlar  wavea  loflootad  from  a  plana. — If  the  diverging 
rajs  of  a  circular  wave  fall  upon  a  plane  surface  at  right  angles  to  it, 
their  path,  after  reflection,  is  tbe  same  as  it  would  have  beep  had  thej 
originated  from  a  point  on  the  opposite  side  of  Iti 

tbo  plane,  and  as  far  back  as  the  point  of  origin 
itwlf ;  that  is,  the  form  of  the  reflected  wave 
will  be  the  reverse  of  the  inoident  wave,  for  the 
rajs  which  first  strike  the  surface  will  be  re-  ^ 
fleeted  first,  and  will  have  returned  to  the  s 
diat«n««  front  the  surface  at  the  time  when  the 
last  rajs  meet  it,  that  these  last  rajs  were  at 
moment  when  the  first  were  reflected.  "^ 

Thna,  sappOM  th*  wave  gnd,  proceeding  from  the  oeutre  r,  flg.  ZS8,  impingea 
SB  the  plane  anrfaee,  e/.  The  form  of  the  wave,  aflei  r«aeclion,  will  be  the 
same  that  It  wenld  have  been  bad  it  proceeded  from  c',  on  Ihe  albci  aide  of  </, 
(it  lbs  sane  dialuea).  It  ia  evident  Uiat  with  a  eircnlar  wave,  all  ita  points 
eaonot  impiDgeaC  [ha  same  time  on  a  plane,  therefore,  thepDrllona  in  advance  will 
impinge  flat,  and  will  flrtt  be  reflected ;  and  when  a  impiDgaa,  the  raja  at  d  anil 
f  have  atiU  to  go  throngfa  the  diitanoea  dt  and  g/,  before  thej  can  be  reSeeled; 
bal  to  the  spae*  of  time  reqalred  for  thia,  the  rav  at  a  will  have  retoraed  to  Ihe 
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327^  Combiiuitloa  of  ivaven. — Where  two  BjeteniB  of  waves, 
WDiing  rrom  differeat  ceDtroe,  meel  each  other,  Beveral  eSeoU  ma;  fol- 
low, according  to  the  mode  of  meeting,  which  curioaal;  illustrate  the 
priDciplea  of  undulation  in  all  departmentB  of  phjsics.  lit.  If  the 
elBTatioDSof  the  two  waves  coin i:ide,  and,  conaequeutlj,  their  depreagions 
a1w>,  then  a  new  wave  will  be  formed,  whose  elevations  and  depreaaioDB 
will  be  the  sum  of  those  of  the  two  originals.  2d.  If  the  two  waves 
of  equal  amplitude  are  bo  Buperimposed  that  the  reverse  of  the  last  ca>e 
IS  true,  t.  e.,  that  the  elevation  of  ooe  Eta  the  depression  of  the  other, 
then  both  waves  disappear,  and  the  eurfnce  remains  boriiootal.  Or, 
3d,  if  one  wave  has  greater  amplitude  than  the  other,  and  the  two 
waves  meet  in  the  same  phase,  then  the  resulting  wave  will  have  m 
height  equal  to  the  difference  between  the  greater  and  t^e  less. 

Combinations,  and  inlerfereTice  of  waves,  are  of  universal  ooonrreDott 
in  all  media,  in  which  force  of  anj  kind  is  propagated  hj  undulations. 

328.  Iat«iferenoe  In  an  elllpaa. — The  two  nystema  of  waves  formed 
bj  an  elliptical  surfiLce,  and  propagated,  one  directly  around  one  of  the 
fooi,  and  the  second  formed  bj  roflec-  2BB 

tion  around  the  other  exhibit  not 

only  the  phenomena  of  reflection 

but   also   pf   interference       These 

phenomena  are  represented  in  fig 

269,  where  a  and  6  are  the  two  " 

The  strongly  marked  lines  are 

elevations,  the  more  lightlj  traced  I 

lines  are  the  depressions  tbe  pointsit 

where   tbe   more  strongly  marked  \ 

circles   intersect   the   more  faintly 

marked   circles    are  points  where 

an  elevation   coincides  with  a   d 

pression,  and  are  therefore  pom 

of  interference.     The  series  of  these  points  form  lines  of  interferenoe 

which  are  indicated  in  the  diagram  by  dotted  lines,  which,  as  will  be 

seen,  arrange  themselves  regularly  in  the  form  of  hyperbola  and  allipae* 

about  these  foci. 

329.  UndalatloDa  of  tbe  waters  of  tbe  glob«. — The  nndulations 
produced  in  the  oceans,  lakes,  rivers,  and  other  large  coUeotions  of 
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water  upon  the  sorface  of  the  globe,  are  of  extreme  importauce  in  the 
economy  of  nature.  Did  not  water  possess,  as  a  consequence  of  the 
mobility  of  its  particles  among  each  other,  the  property  of  being  thus 
set  in  motion,  the  ocean  would  soon  be  rendered  putrid  by  the  decom- 
position of  the  mass  of  organized  matter  it  contains.  The  principal 
physical  cause  which  produces  these  undulations  on  a  moderate  scale, 
18  the  motion  of  the  atmosphere.  On  a  large  scale  they  jive  produced 
by  the  combined  effects  of  the  attraction  of  the  sun  and  moon  upon 
the  surface  of  the  ocean,  which  causes  the  ebb  and  flow  of  tides. 
Differences  in  temperat-ure  and  density  of  the  waters  of  different  parts 
of  the  ocean,  cause  currents,  by  the  efforts  of  these  waters  to  assume  a 
state  of  equilibrium ;  and  lastly,  the  rotation  of  the  earth  upon  its  axis, 
originating  the  constant  easterly  current.  A  full  discussion  of  these 
interesting  questions  belongs  to  Physical  Geography. 

i  4.  Undalations  of  Elastic  Fluids. 

330.  Waves  of  condensation  and  rarefaction. — The  undulations 
of  liquids  already  described  (319)  are  surface  waves.  Undulations  of 
the  same  kind  may  also  be  produced  in  elastic  fluids.  Elastic  fluids 
are  also  subject  to  undulations  of  a  totally  different  kind  called  vtavet 
of  condensation  and  waves  of  rarefaction.  Such  undulations  are  due 
to  elasticity,  and  are  produced  in  air  and  gases  by  any  disturbance  of 
density.  If  any  elastic  fluid  be  compressed,  and  again  suddenly 
relieved  from  compression,  it  will  expand,  and  in  its  expansion  exceed 
its  former  volume-  to  a  certain  extent ;  after  which  it  will  again  con- 
tract, and  thus  oscillate  alternately  on  either  side  of  the  position  of 
repose.  It  is  obvious  that  we  must  regard  these  undulations,  or  pulses 
of  air,  as  extending  equally  in  all  directions  in  the  free  air»  and  limited 
only  by  the  walla  of  the  containing  vessel  or  apartment  when  the  air  is 
oonftned.  Therefore,  the  effects  of  the  united  oscillations  extend  equally 
in  the  oottrse  of  radii,  from  the  centre  to  every  point  of  the  surface  of 
a  sphere. 

331.  Undnlatioiui  of  a  sphere  of  air. — The  oscillations  of  air  will 
not  be  confined  to  the  sphere  in  which  they  commence.  When  air 
is  first  contracted,  an  atrial  shell,  bounding  the  sphere  of  contraction, 
expands,  and  becomes  thereby  less  dense  than  when  in  equilibrium. 
Again,  upon  the  expansion  of  the  original  sphere,  the  bounding  shell 
contracts,  and  becomes  more  dense,  in  virtue  of  its  inertia  and  elasticity. 
This  exterior  shell  of  air  thus  acts  upon  another,  external  to  it ;  this  in 
its  tarn  on  another,  and  so  on,  and  thus  the  initial  force  is  propagated 
upon  successive  concentric  portions  of  air ;  its  effects  becoming  less 
marked  with  each  enlargement,  until,  like  the  ripple  of  a  wave  of 
water,  it  becomes  too  evanescent  to  be  appreciated.    Compare  {  653. 

S4 
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IsDHliun  unil  »|i*naii>a  of  ui  oliiiic  fluid,  aitsndinEaphiiri> 

:inal  ccDtn  of  di>lurliiuii<e,  in  parfscU;  ■DBlogniu  hi  >  Beris* 
or  dlroular  wkrai  rurined  uuuud  a  point  on  tbe  aurfuB  of  ■  liquid.  The  «vodBu- 
aMian  of  ihB  iiluliL-  Hnid  bvlng  aoktogom  to  [liesleTftLioa  of  ■  gurrocc  ware,  sod 
(lis  phiMa  of  rBrsfairtiaii  bulof;  uiBlogDuii  to  tlie  pliuc  of  ilciirvKsion. 

Tho  ridiui  of  tbe  boUoir  uphere,  or  tfau  diiUniM  Uio  uDduI&tion  bad  tnTsrud 
■rhenthsfirat  parliolBs  resuoiod  a  poiltioD  ofreit,  !■  itnllod  lbs  lenglhofa  waie; 
Ihe  BtitiK  ipbere  aompriaed  wichiu  theas  limits  coDititulct  a  wuto,  aad  (he  Ume 
of  vibration  i*  eqnal  to  tbe  time  in  which  moliun  if  propagated  throogb  the  entire 

the  first  ware  will  expand,  aud  then  will  arise  a  locund  and  third  wave,  tt., 
wilbin  tlw  flrat,  aod  caDcontrio  nilh  it. 
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332.  Velocity  and  inteiulty  o(  Berial  waves. —The  Telocity  with 
which  aiich  iiDilulalions  are  propCLgBted  tliruugh  the  Rtmusphpre.  depenitt 
on,  ami  varies  with,  the  eluitioitj  of  the  6uiii.  WnTes,  both  Urge  and 
Bmatl,  ikre  IrBiiamjtled  with  no  equal  Telocitj,  ho  long  as  the  elastioit; 
remains  the  samp.  The  inlcnRity  of  vibration,  i.  e.,  the  dimenniona  of 
the  Mpaceit  nkich  the  individual  particles  traverse  while  in  this  stale  oi 
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moyement,  depends  on  the  energy  of  the  disturbing  force,  whioh,  it  is 
also  evident,  is  a  measore  of  the  degree  of  compression  of  the  wave. 

333.  Interference  of  waves  of  air. — If  two  series  of  aerial  waves 
coincide  as  to  their  points  of  greatest  and  least  condensation,  a  now 
series  of  waves  will  be  formed,  whose  greatest  condensation  and  rare- 
fiiustion  is  determined  by  the  sum  of  these  points,  as  prevailing  in  the 
separate  undulations.  But  where  the  series  are  so  arranged  that  the 
point  of  greatest  condensation  of  one  coincides  with  the  point  of 
greatest  rarefaction  in  the  other,  the  resulting  series  will  have  conden- 
sations and  rarefactions  equal  to  the  difference  between  the  waves  which 
meet.  If  they  are  equal,  total  interference  takes  place,  as  in  the  case 
of  non-elastic  fluids,  and  silence  results,  if  the  waves  are  those  of  sound. 

Indeed  all  the  effects  described  in  the  case  of  waves  formed  upon  the 
surface  of  a  liquid  are  reproduced  under  analogous  conditions  in  the 
case  of  undulations  of  aeriform  bodies.  It  must,  however,  be  borne  in 
mind,  that  these  aerial  waves  have  always  a  spherical  form. 

334.  Intensity  of  waves  of  air  expanding  freely. — The  undu- 
lations produced  in  air  form  progressively  increasing  spheres  (330), 
the  magnitude  of  whose  surfaces  are  to  each  other  as  the  square  of  their 
radii,  or  as  the  square  of  their  distance  from  their  respective  points  of 
impulse.  As  the  intensity  of  the  wave  is  diminished  in  proportion  to 
the  space  over  which  it  is  diffused,  it  follows,  that  the  effect  or  energy 
of  these  waves  diminishes  as  the  square  of  the  distances  from  the  centre 
of  propagation  increases.  So  soon,  however,  as  the  radial  extension 
of  the  wave  meets  with  any  resistance  which  reflects  the  rays  in  a 
parallel  or  concentric  direction,  this  rule  ceases  to  be  applicable. 


Problems. 
On  the  Laws  of  Vibrations. 


149.  If  a  Gord  of  a  given  length  makes  48  vibrations  per  second,  what  mast 
b«  the  nspeotive  lengths  of  similar  oords  to  make  63,  64,  72,  81,  and  90  vibra- 
tions per  second  t 

150.  If  a  eord,  3  feet  long,  extended  by  a  weight  of  10  lbs.,  makes  96  vibra- 
tions per  ieeond,  with  what  force  mast  a  similar  cord,  2  feet  lung,  be  extended 
that  it  may  make  108  vibraUons  per  second  ? 

161.  If  an  iron  wire,  one-tenth  of  an  inch  in  diameter  (Sp.  Gr.  7*8),  makes 
73  vibrationi  per  second,  what  mast  be  the  diameter  of  a  platinam  wire  of  the 
same  length  (Sp.  Gr.  21*23)  which  will  make  45  vibrations  per  second? 

15S.  An  iron  rod,  vibrating  by  torsion,  makes  30  oscillations  per  second ;  how 
mach  longer  mast  a  rod,  having  twice  the  diameter,  be  to  vibrate  (with  the 
same  force)  15  times  per  second  7 
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CHAPTER  VI. 

ACOUSTICS. 

{  I.  Prodaotion  and  Propagation  of  Sound. 

335.  Acoustics. — Sound. — Acoustics  (derived  from  the  Qreek 
Terb,  dxouw,  to  hoar),  teaches  the  science  of  sounds,  their  cause,  nature, 
and  phenomena.  Sound  is  the  impression  produced  on  the  sense  of 
hearing  by  the  vibrations  of  sonorous  bodies.  These  yibratione  are 
transmitted  to  the  ear  by  the  surrounding  medium,  which  is  ordinarily 
the  atmospheric  air. 

Sound  a  sensation. — It  will  be  understood,  therefore,  that  all 
Bound,  whether  unmusical,  like  mere  noise,  or  musical,  like  what  is 
technically  called  a  tone  (a  sound  of  definite  and  appreciable  pitch)^ 
is  a  sensation;  and  the  causes  which  produce  this. sensation  may  exist 
without  the  sensation  itself — that  is,  without  sound.  The  cause  of 
Bound  being  atmospheric  vibration,  if  there  be  no  delicately  constructed 
organ,  like  the  ear,  to  receive  the  impression  of  this  vibration,  there  is 
no  sound.  It  would  follow,  that  even  at  the  Falls  of  Niagara,  if  there 
were  no  ear  present  to  receive  the  impression,  those  gigantic  yibrsr 
tions  would  exist  only  as  such — without  sound. 

Key-note  of  nature. — The  aggregate  sound  of  nature,  as  heard  in 
the  roar  of  a  distant  city,  or  the  waving  foliage  of  a  large  forest,  is  said 
to  bo  a  single  despite  tone,  of  appreciable  pitch.  This  tone  is  held  to 
be  middle  F  of  the  pianoforte— which  may  therefore  be  considered  the 
key-note  of  nature. 

Noise. — The  distinctive  character  of  mere  noise  is  determined  by 
the  nature  and  duration  of  the  irregular  yibrations  causing  it.  If  these 
yibrations  are  short  and  single,  the  effect  is  that  of  a  crack,  or  an  abrupt 
explosion,  as  in  the  snapping  of  a  whip,  or  the  explosion  of  cannon. 
If  they  are  continuous  and  prolonged,  the  effect  is  that  of  a  rattle,  or 
rumble,  like  the  rolling  of  thunder,  or  the  noise  of  carriages  oyer  a 
stony  road. 

Musical  sounds. — Sound,  in  a  musical  sense,  or  tone,  is  the  Bensa- 
tion  produced  by  a  scries  of  equal  atmospheric  vibrationB.  Noise  is 
the  sensation  produced  by  unequal  yibrations.  If  we  throw  a  single 
Btone  into  the  rentre  of  a  placid  lake,  a  single  waye  circles  off  to 
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tbe  shore :  such  is  the  effect  upon  the  air  when  a  tone  la  produced. 
If  a  handful  of  pebbles  is  thrown  into  the  lake,  each  separate  pebble 
produces  its  own  circle,  these  circles  intersect  each  other  and  become 
oonfused  to  the  eye :  such  is  the  effect  upon  the  air  when  a  noise  is 
produced.  Pulling  the  string  of  a  harp  would  correspond  to  the  single 
stone  thrown  into  the  lake :  striking  a  table  or  chair,  where  the  sepa- 
rate fibres  of  tbe  wood  vibrate  unequally,  would  correspond  to  the 
handful  of  pebbles. 

A  chnreh-b^,  to  a  cultivated  ear,  is  noisy,  or  masioal,  according  as  the  tones 
in  the  Tibrating  metal  (for  CTcry  bell  produces  more  than  one  distingoisbable 
tone)  ehanoe  to  be  at  musical  or  unmusical  intervals.  If  the  intervals  are  (mu- 
siciUIy  considered)  dissonances,  the  bell  will  be  discordant ;  if  they  are  con- 
oordsy  the  bell  will  be  harmonious.  Again,  if  in  these  concordant  tones  the 
intervals  be  "  mi^or/'  the  bell  will  be  cheerful ;  if  they  be  "  minor,"  the  bell 
willbesad. 

• 

336.  All  bodies  prodacing  sound  are  in  vibration.-.—If  the 
sonorous  body  is  solid,  and  presents  a  large  surface,  as  a  bell-jar,  the 
Tibrations  may  be  shown  by  suspending  a  small  ivory  273 

ball,  t,  by  a  thread  in  the  interior  of  the  jar  A  B,  in- 
elined  in  the  position  seen  in  fig.  272.  When  the  jar 
resounds  with  a  blow,  the  ball  is  thrown  from  the  sides, 
as  shown  by  the  dotted  line,  and  returning,  is  again 
thrown  off,  and  so  continues  bounding,  in  consequence 
of  .the  vibrations.  A  touch  from  the  hand  arrests  the 
vibratory  movement  in  the  glass:  the  sound  ceases, 

and  the  ivory  ball  remains  quiet 

272 
If  the  sonorous  body  is  a  plane 

Burfnet,  its  vibrations  may  be  shown 
by  the  formation  of  nodal  lines  with 
grains  of  sand  scattered  upon  it. 
When  the  sound  is  produced  by  a 
itratehed  cord,  the  vibrations  may 
be  felt  by  touching  the  cord  lightly 
with  the  band,  or  may  be  seen  by 
placing  bands  or  rings  of  paper 

npon  the  vibrating  cord.    In  wind  

instruments,  it  is  the  air  which  they  contain,  whose  vibrations  produce  Uie 
musical  sounds. 

This  may  be  proved  by  an  organ-pipe,  or  by  a  glass  tube,  fig.  273,  when  a 
current  of  air  is  passed  into  it  through  the  foot,  0.  A  small  membrane  of  gold- 
beater's skin,  extended  on  a  circle  of  pasteboard,  B,  is  placed  within  the  tube, 
and  sustained  in  a  horizontal  position  by  means  of  a  thread.  Qrains  of  sand 
strewed  upon  the  membrane,  will  be  arranged  in  nodal  figures,  proving  that  tbe 
membrane  obeys  the  vibratory  movement  of  the  air  which  surrounds  it.  That 
the  vibrations  are  not  due  to  an  ascending  current  of  air,  is  proved  by  the  faot^ 
ihat  the  membwne  does  not  vibrate  when  it  is  placed  midway  of  the  length  of 

24» 
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337.  Soaad  propagated  b;  ivave«. — Sound  in  propagatod  bj 
Kftves  uf  condensation  and  rarofiustion  (330],  as  sboirn  in  fig.  274.    Tha 


Tibrations  uf  llie  fouLiJiin,  UU  are  t.ouiiuuuiLBttJ  to  the  aurrounding 
medium  and  bj  vibrations  nUernately  furw&rds  and  Laibnards.  Mo- 
tun  IB  commumcated  b>  an  ever  inoreasing  aphencal  portiuu  of  tlie 
modiuin  until  it  reaches  the  car  by  wiii(.h  the  aensatiun  of  aituncj  is 
pereeiied 

33S.  Co-exUtenoe  of  aoand-wavca. — Many  aouuds  may  be  trans- 
mitted simultaneoualj  in  different  directions  by  the  some  niiHiiuin  wUb- 
out  destroying  eauli  other,  all  the  sounds  penetrating  and  cnigsing  in 
space  without  modification.  In  camplicated  symphonies,  a  practiced 
ear  readily  distinguishes  the  sound  of  each  instrument.  A  very  intense 
sound  may  overpower  a  feeble  sound,  aa  a  loud  noise  renders  the  human 
voice  inaudible. 

339.  Soand  is  not  propagated  in  a  Tacnnm.^The  vibrations  of 
elastic  bodies  do  not  produce  lui  iniprea«ion  on  the  ear.  unless  there 
exists  between  this  organ  and  the  sonorous  body  an  uninterrupted  elas- 
tic medium,  vibrating  with  It.  This  medium  is  ordinarily  the  almo- 
spheric  iiir.  but  other  gases,  vapors,  liquids,  and  solids,  transmit  sound, 
and  generally  with  a  facility  varying  with  their  density. 

To  provB  that  lonnd  is  not  propafBlad  in  f.  »iieumn,  plane  onilor  the  recetnT 
of  an  air-pump,  a  Iwll,  kept  in  conitant  vibrUioo  bj  a  ulwk-irc.rk  mon-ineiil. 
fig.  275.  Thn  boll  Bppsratut  sbould  be  jilaeed  Dpon  wadding,  otherwise  tba 
Tibralioni  would  be  sommu Dinted  to  tfaa  plsl«  of  the  air-pump,  and  thai  la  th* 
air.  While  the  reoelTsr  is  lllled  with  sir  at  the  ordinary  pnisure,  the  ioUDd 
ii  distinot  -,  m»  the  sir  ii  graduully  eihsnsted,  tbe  lonnd  grows  aio»  and 
more  feeble,  until  flusllj.  when  *  vsenum  it  oblwned,  it  eeasei  to  b*  httud, 
but  1>  immedistely  revived  bj  sdmittiDg  sli  agsla. 
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340.  Soond  la  propa«at«d  in  all  aluUo  bodlM.— If,  in  the 
exparimeDt  just  desoribed,  the  Tscuum  is  iupplied  with  hydrogen  gas 
(dsDoi^  0.0692),  or  anj  gas  of  less  deDsity  ITfr 

Ihao  ktoioapberic  ur,  a  soand  trill  be  traas- 
■nitted  from  the  bell,  tery  feeble  for  tbe  hy- 
drogen, and  increasing  as  the  gas  is  more 
dense.  In  Uke  manner,  a  person  wbose  laogs 
haT«  been  filled  with  hydrogen  gas,  utters 
only  a  shrill  piping  sound. 

Tspora,  walar  ud  other  liqaidi,  trknt 
sooDds  like  gaws,  bat  with  mnch  mori  oaai 
Wbsn  (wo  bodies  an  alnck  under  water, 
aonnd  ii  .  diatinet  to  a  peraoD  haTing  hit  ear 
andsr  water,  or  soomiDDicatliig  irith  the  wnl 
by  msaot  of  socae  lolid  anbitanoe.  The  oondac 
bililj  of  aoiud  it  »  gnat  in  aolida,  (bat  if  we  apply 
the  ear  to  one  and  of  a  beam  of  wood,  the  ilighUgt 
aboek,  ■*  the  Hnlob  of  a  pin  M  the  othgi  eitiemity,  na;  be  heard  diitioctlT' 
The  soiM  of  eaoDan  ha*  boen  hoard  a  diBtonoa  of  more  thso  two  hundred  and 
tt^  Btlaa,  by  sppljlng  tbe  ear  to  the  nlid  earth.  Id  Mreral  mima  in  Coro- 
wall,  Bnglasd,  there  are  galleriei  wbleb  aitaDd  ander  tbe  tea,  where  the  lannd 
of  the  wava  li  alearly  heard  when  tbe  na  is  agitated,  rolling  the  pebble*  and 
boaidara  oTor  the  rook;  botton  of  tbe  ocean. 

The  maaia  ftvm  a  oompaaj  of  mniiciana,  plajlog  in  oreheatia  npon  Damaraas 
iiutramsnta,  baa  bean  traqaferred  to  an  apartinanl  in  another  boiue,  by  a  cord 
■tielehed  aeroa*  tba  InterreiilDg  atrevt,  coaoeeting  at  one  end  with  a  aonnding- 
board,  sad  at  the  other  extremity  with  a  wooden  boi.  On  placing  tbe  ear  at  an 
opening  in  the  l»x,  the  whole  musisal  moiremeDt  wai  heard,  reprodaeed  in 
wniatare,  being  tranamltted  by  the  Tibtationi  throagh  tba  oord.  A  hyalandor 
snsotiKiaDi  of  there  being  any  performanca. 


341.  Haaiing  is  a  tense  depending  npon  the  ear,  a  beautifully  con- 
■tmetod  instmment,  designed  to  gather  in  the  Tlbrations  of  the  bdi^ 
Monding  air.  This  vibratory  moTemetit  is  commnDicatod  to  the  aooustio 
nerre  by  the  aid  of  organs  which  will  be  described  in  detail  at  the  close 
of  this  chapter. 

342.  Tlni«  is  r*qiili«d  for  tbe  tranemlaaion  of  eonnd. — Eipe- 
rience  testiftee  to  the  truth  of  this  statement.  We  hear  the  blows  of  a 
hammer  at »  distance  a  verv  sensible  iitlerval  of  time  after  we  see  there 
•truck.  An  appreciable  time  elapses  after  we  see  die  Saah  of  a  cannon, 
at  a  little  distance  from  us,  before  we  hear  the  explosion.  Tbe  report 
of  the  vetaor  of  t7S3  was  heard  at  Windsor  Castle  ten  minutes  afUr 
Ha  disappearance. 

343.  Tlw  wlooitT  of  all  aonnds  U  the  aame.* — The  Telocity  of 
aonnd  ia  tbe  apace  that  it  traverses  in  a  second.  Theory  demonstrates 
that  dw  Tdaoity  of  tbe  itbrations  of  wnonius  bodies  in  the  same  me 

■  Bee  note  ta  Appenllx,  p.  6eS. 
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dium,  is  the  same  for  all  sounds,  grove  or  isharp,  strong  or  feeble,  and 
whatever  may  be  their  pitch.  Observation  confirms  this  result,  at  least 
fur  those  distances  at  which  experiments  have  been  made.  There  is  no 
confusion  in  the  effects  of  music,  at  whatever  distance  it  may  be  heard. 

If  the  differeot  notes  simultaneously  produced  bj  the  Tarions  instruments  of 
an  orchestra,  moved  with  differeot  velocities,  thej  would  be  heard  by  a  distant 
auditor  at  different  moments,  so  that  a  musical  performance,  except  to  those  ic 
its  immediate  vicinity,  would  produce  only  discords.  M.  Biot,  in  playing  an 
air  upon  a  flute  at  the  extremity  of  a  pipe  of  the  aqueduct  of  Paris,  found  that 
the  sounds  came  to  the  other  end,  having  exactly  the  same  interval,  demon- 
strating that  the  different  sounds  travelled  with  the  same  velocity. 

344.  Velocity  of  sound  in  air.— Numerous  experiments  have  been 

made  for  estimating  the  velocity  of  sound ;  that  is^  the  space  that  it 

travels  over  in  a  second.    The  most  extensive  and  accurate  system  of 

experiments  were  those  made  in  1822,  by  the  Board  of  Longitude  of 

France,  conducted  by  Messrs.  Prony,  Arago,  Humboldt,  Gay  Lussae, 

and  others. 

Two  pieces  of  cannon  were  used,  one  placed  at  Montlh^ry,  the  other  at  Hout- 
martre,  between  which  the  distance  is  18,612  m.  (=  61,063*8  foot),  or  more  Uiaa 
ten  miles.  The  discharges  were  reciprocal,  so  as  to  avoid  the  influence  of  the 
wind.  At  each  station  were  numerous  observers,  furnished  with  chronometers^ 
who  noticed  the  time  between  the  appearance  of  the  light,  and  the  arrival  of  the 
sound.  This  time  may  be  called  that  which  the  sound  requires  to  pass  from  one 
station  to  another,  for  the  time  occupied  by  the  passage  of  the  light  between 
the  two  points  is  wholly  inappreciable.  The  mean  tikne  required  to  transmit  the 
sound  was  54*6  seconds.  By  dividing  the  distance  between  the  two  stations  by 
this  number,  the  velocity,  per  second,  is  obtained.  The  velocity  of  sound  at 
61°  F.  (16°  C),  that  being  the  temperature  of  the  atmosphere  during  the  ex- 
periment, is  1118-3  feet  (340*88  m.),  (for  61,063*8^  54 -6  =  1118*3 -f);  or  at 
the  temperature  of  32°  F.  it  would  be  about  1086*1  feet. 

Messrs.  Bravais  and  Martin,  in  1844,  have  determined  that  the  velo- 
city of  sound  between  the  summit  and  base  of  the  Faulhom  (a  lofty 
mountain  in  the  Swiss  Alps]  is  the  same,  whether  ascending  or  descend- 
ing, and  that  it  is  1090'47  feet  per  second  at  32^  F. 

It  has  been  determined,  1.  That  the  velocity  of  sound  decreases  with 
the  temperature ;  at  50**  F.  (W  C),  it  is  1106091  feet  (337  m.)  So 
that  as  the  temperature  is  lowered,  sound  diminishes  in  velocity  about 
one  foot  and  a  tenth  for  every  degree.  2.  That  at  the  same  tempera- 
ture the  velocity  of  sound  is  not  materially  affected,  whether  the  sky  is 
bright  or  cloudy,  the  air  clear  or  foggy,  the  barometric  pressure  groat 
or  small,  provided  the  air  is  tranquil.  All  of  these  circumstances, 
however,  exert  a  great  influence  on  the  intensity  of  the  sound  as  it 
reaches  the  ear  from  a  given  distance.  Fogs,  snow,  &c.,  prevent  the 
free  propagation  of  sound,  but  do  not  materially  affect  its  velocity.  3. 
That  its  velocity  varies  with  the  velocity  and  direct!  ^n  of  the  wind. 
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345.  Velocity  of  sound  in  different  gases  and  ▼apors. — Tie 
velocity  of  sound  in  the  different  gases,  is  in  the  inverse  ratio  of  the 
square  root  of  their  densities. 

Dalong  hM  determined  by  calcnlation  the  Telocity  of  sound  in  the  following 
gMeSySt  the  temperature  of  32*'  F.  Carbonic  acid  860  feet  (262  m.),  oxygen 
1040  feet  (317  m.),  defiant  gas,  1030*2  feet  (314  m.)»  air,  1092-54  feet  (333  m.), 
earbonie  ozyd,  1105-6  feet  (337  m.),  and  hydrogen,  4163  feet  (1269  m.),  each 
in  a  feeond.  The  theoretical  velocity  of  sound  in  yapor  of  alcohol  at  140^  is 
862  feety  in  vapor  of  water  at  154°  is  1347  feet  The  observed  velocities  are 
generally  not  very  far  Arom  those  given  by  calculation. 

346.  Calculation  of  distances  by  sound. — The  known  velocity 
of  sound  per  second  (1118  feet),  enables  us  to  obtain  a  close  approxi- 
mation of  the  distance  of  the  sonorous  body.  This  follows  as  a  conse- 
quence of  the  very  experiments  (344)  by  which  the  velocity  of  sound 
was  determined.  From  the  known  laws  of  falling  bodies  (71),  we  may 
also,  with  the  aid  of  the  known  velocity  of  sound,  obtain  an  approxi- 
mate estimate  of  the  height  of  a  precipice,  or  the  depth  of  an  abyss, 
from  the  time  occupied  by  the  sound  of  any  projectile,  let  fall  from  the 
hand,  in  reaching  the  ear. 

347.  Velocity  of  sounds  in  liquids. — Sound  is  conveyed  through 
liquids  as  well  as  through  gases.  The  velocity  of  sounds  in  liquids 
is  much  greater  than  in  air.  In  1827,  Messrs.  Colladon  and  Sturm, 
experimenting  upon  the  velocity  of  sound  in  the  Lake  of  Geneva,  found 
it  to  be  4708  feet  (1435  m.)  per  second,  or  about  four  and  a  half  times 
greater  than  in  air,  at  the  temperature  of  46*6^  F. 

Agitation  of  the  water,  liquids,  Ac,  did  not  affect  either  the  rapidity  or 
intensity  of  the  sound.  But  the  interposition  of  solid  bodies,  such  as  walls,  or 
buildings,  between  the  sounding  body  and  the  observer,  almost  destroyed  the 
transmission  of  sound  in  water ;  an  effect  which  does  not  take  place  nearly  to 
Uie  same  degree  in  air  (350). 

348.  Velocity  of  sounds  in  solids. — Sound  is  transmitted  by 
solid  bodies  with  much  greater  rapidity  than  by  air,  but  by  no  means 
with  equal  velocity,  varying  much  with  the  elasticity  and  density  of  the 
difforent  solids,  as  well  as  their  homogeneity  and  uniformity  of  structure. 

Want  of  homogeneity  in  any  medium  interferes  with  the  propagation  of  sonor- 
ous vibrations.  Let  a  tall  glass  be  half  filled  with  champagne  wine :  as  long 
as  there  is  effsrveseence,  and  the  wine  contains  air  bobbles,  a  stroke  on  the  glass 
gives  only  a  dead  disagreeable  sound ;  as  the  effervescence  subsides  the  tone 
teeomet  clearer,  and  when  the  liquid  is  tranquil  the  glass  rings  as  usual.  The 
dallness  of  sound  alluded  to  is  owing  to  the  fact  that  the  wine  which  forms  part 
of  the  vibrating  system  lacks  homogeneity,  and  therefore  is  incapable  of  regular 
vibratlOD. 

The  most  exact  experiments  have  been  made  by  M.  Biot,  with  a  series  of  water- 
pipes  la  Parif,  which  had  a  length  of  3120  feet  (951  m.).  A  bell  was  hung  at 
4ie  centre  of  a  rng  of  iron,  fastened  to  the  mouth  of  the  tube,  so  that  the 
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ribratiom  of  the  ring  would  affeot  only  the  metal  of  the  tabe,  and  (he  Tibrationt 
of  the  bell  only  the  incladed  air.  When  the  ring  and  bell  were  ttraek  simolta- 
neoosly,  an  obseryer,  placed  at  the  other  end,  heard  two  sounds;  the  first 
transmitted  by  the  metal,  the  second  by  the  air.  By  noticing  the  interral  of 
time  between  the  arrival  of  the  two  iounds,  it  was  ascertained  that  the  Telooity 
of  propagation  of  sound  in  cast  iron  is  aboat  10*4  times  that  obserred  in  air; 
that  is,  11,609  feet  (3538*5  m.).  Similar  experiments  were  made  by  Hassenflrats 
on  the  velocity  of  sound  in  stone,  on  the  walls  of  the  galleries  of  the  cataoombs 
which  underlie  Paris,  by  observing  Uie  interval  of  time  between  the  arriTal  it  a 
sound  transmitted  by  the  stones  and  of  that  transmitted  by  the  air  of  the  gallery. 

Were  the  earth  and  sun  connected  by  an  iron  bar,  nearly  three  years  wonld 
elapse  before  the  sound  of  a  blow  applied  at  the  sun  could  reach  the  earth. 

The  velocity  of  the  propagation  of  sound  has  been  determined  theoretically 
by  Savart,  Chladni,  Massou,  and  Wertheim,  from  the  number  of  longitudi- 
nal and  transverse  vibrations  of  the  bodies,  or  their  coefficient  of  elasticity. 
Chladni  found,  by  the  aid  of  longitudinal  vibrations,  that  in  wood,  the  velocity 
of  sound  is  from  ten  to  sixteen  times  greater  than  in  air.  In  metals,  the  Telo- 
city is  more  variable,  being  from  four  to  sixteen  times  as  great  as  in  air. 

349.  Interference  of  sound. — ^When  two  series  of  sooorous  undu- 
lations encouDter  eaoh  other  in  opposite  phases  of  vibration,  the 
phenomena  of  interference  are  produced.  The  undulations  will  beoome 
mutually  checked,  and  if  the  two  sounds  are  of  equal  intensity,  instead 
of  producing  a  louder  sound,  as  might  be  expected,  they  will  altogether 
destroy  each  other  and  produce  silence.  If,  however,  one  of  the  sounds 
ceases,  the  other  is  heard  immediately. 

If  two  sounding  bodies  were  placed  in  the  foci  of  an  ellipse,  fig.  369,  no  sound 
would  be  heard,  if  an  ear  was  placed  on  any  of  the  lines  of  interference  indi- 
cated by  the  dotted  lines,  but  if  one  sound  was  stilled,  the  other  would  be  heard, 
or  if  the  ear  was  placed  between  the  lines  of  interference,  then  both  sounds 
would  be  heard  simultaneously,  and  would  be  louder  than  either  alone. 

The  interference  of  sounds  may  be  shown  by  means  of  a  oommon 
tuning-fork.  276 

When  in  vibration,  its  branches  recede  from,  and  ap- 
proach eaoh  other,  as  shown  by  the  dotted  lines  in  fig. 
276.  If  the  instrument,  when  vibrating,  is  placed  about 
a  foot  from  the  ear,  with  the  branches  equidistant,  both 
sounds  will  be  heard;  for  the  waves  of  sound  combine 
their  effects ;  but  as  it  is  slowly  turned  around,  the  sound 
will  grow  more  and  more  feeble,  until  at  length  a  posi- 
tion will  be  found  in  which  it  will  be  inaudible.  For,  as 
the  tuning-fork  is  turned,  the  waves  of  sound  interfere,  and 
produce  partial  or  total  silence.  This  may  also  be  illustrated 
by  attaching  a  tuning-fork,  lengthwise,  to  any  rotating  sup- 
port. When  the  fork  is  vibrating,  no  sound  will  be  heard  so 
long  as  it  continues  to  rotate. 

350.  Acoustic  shadow. — Persons  cutoff  from  ob- 
servation by  a  wall,  or  other  obstacle,  still  hear  sounds 
distinctly,  although  with  a  diminished  volume.    Thus  a  band  of  music 
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in  an  ft4i<^<^°^  house,  or  neighboriDg  street^  is  readily  followed  in  the 
softest  melody.  Interrening  obstacles,  therefore,  however  opaqae  to 
light,  do  not  cast  perfect  shadows  to  sound.  The  sound  is  not  entirely 
cut  oft,  because  the  obstacle  is  elastic,  and  propagates  the  yibrations  it 
receives  in  a  manner  analogous  to  light  passing  through  a  translucent 
medium. 

To  a  distant  obMrver,  the  roar  of  a  railway  train  is  instantly  hashed  on 
•ataring  a  tonnel,  and  as  suddenly  renewed  on  its  emergence. 

Acoustic  shadows  are  much  more  distinctly  recognised  when  large 
masses,  as  edifices  or  rocks,  intervene ;  so  large  as  not  to  enter  into 
Tibration. 

Althon^  there  is  not  complete  silence  in  the  acoustic  shadow,  still  it 
is  analogous  to  the  shadow  of  light,  for  there  is  never  complete  obscurity 
in  the  latter  case,  even  when  we  take  the  utmost  precaution,  fur  the 
light  spreads  behind  the  obstacles  which  arrest  it. 

351.  Dftitanoe  to  which  soond  may  be  propagated. — The  dis- 
tance at  which  sounds  are  audible  does  not  admit  of  precise  measure- 
ment. In  general,  it  may  be  stated,  that  a  sound  will  be  heard  further, 
the  greater  its  original  intensity,  and  the  denser  the  medium  in  which 
it  is  propagated.  It  also  depends,  greatly,  on  the  delicacy  of  hearing 
of  different  individuals.  The  intensity  of  sound,  like  that  of  all  forces 
acting  in  lines,  diminishes  in  the  inverse  ratio  of  the  squares  of  the 
distance  of  the  sounding  body.  Thus,  if  the  linear  dimensions  of  a 
theatre  be  doubled,  the  volume  of  the  performers'  voices  at  any  part  of 
the  circumference  will  be  diminished-  in  a  fourfold  proportion. 

That  this  differenee  of  the  agitating  impression  is  the  tme  cause,  is  shown  by 
eoaflning  the  air  on  all  sides  in  a  tube.  Biot  experimented  with  2860  feet  of  the 
water-pipes  of  Paris.  At  this  distance  the  lowest  whisper  made  at  one  end  was 
aeearately  heard  at  the  other  extremity  of  the  tnhe. 

A  powerful  human  voice  in  the  open  air,  at  the  ordinary  temperature,  is 
audible  at  the  distance  of  seven  hundred  feet.  In  a  frosty  air,  undisturbed  by 
winds  or  current,  sound  is  heard  at  a  much  greater  distance  wiUi  surprising 
distinctness.  Lieut.  Forster,  in  the  third  polar  expedition  of  CapL  Parry,  held 
a  conversation  with  a  man  across  the  harbor  of  Port  Bowen,  a  distance  of  one 
and  a  quarter  miles.  Dr.  Toung  states,  on  the  authority  of  Derham,  that  the 
watchword  **  all's  well"  has  been  distinctly  heard  from  Old  to  New  Gibraltar,  a 
distanee  of  ten  miles.  The  marching  of  a  company  of  soldiers  may  be  heard, 
on  a  still  night,  at  from  five  hundred  and  eighty  to  eight  hundred  and  thirty 
paees ;  a  squadron  of  cavalry  at  foot  pace,  at  seven  hundred  and  fifty  paces ; 
trotting,  or  galloping,  one  thousand  and  eighty  paces  distant  When  the  air  is 
ealm  and  dry,  the  report  of  a  musket  is  audible  at  eight  thousand  psces.  The 
found  of  the  cannonading  at  Waterloo  was  heard  at  Dover. 

Sonnds  travel  further  on  the  earth's  surface  than  through  the  atmosphere.  Thus 
t!  Is  said,  Uiat  at  tiie  siege  of  Antwerp  in  1832,  the  cannonading  was  beard  in  the 
mines  of  Saxony,  which  are  about  three  hundred  and  seventy  miles  distant.     The 
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•uoookdias  ftt  Ihe  battla  of  Jena  vu  hsBrd  fHbly  in  Itas  opan  flsUt  our  Drw- 
d*D,  B2  milei  diitsot,  but  in  Ihe  ciucmBtes  of  the  fDrtiflctUDni  H  wu  buret  with 
gnat  dutmctncts.  The  noias  of  n  uk  flgbt  b«twMii  tfa*  Engllih  uid  Ui*  Dnteh 
In  167S,  iru  beard  it  Sbnwiburj,  ■  diatanca  of  two  bondred  mllei.  SosBd 
bu  been  carriod  by  tbe  Btmaiphero  to  (he  diatance  of  tbiee  huadred  and  forty- 
Atg  milw.  M  i[  ia  uatrMd,  that  tbe  tery  viulent  aiplosiant  nt  tbe  roleuio  at 
81.  VioeeDt's  bare  been  heard  at  Demarara. 

Sir  Stamford  Rafflea  recordt  however  a  similar,  thoogh  macb  more  eilraor- 
d.narj  bot.  Tbe  eiuptioD  in  Tombera,  in  fiumbana,  waa  perhapi  the  moat 
violent  Taicanio  aelioo  rMorded ;  oceasioDal  paroijama  wtn  heard,  ha  aaji, 
mora  than  nine  hundred  milea  dialaut. 

352.  R«fl0Otlon  of  aoond. — Wben  the  waves  of  air  on  which  sonnd 
IB  being  borne  impinge,  in  tbe  course  uf  their  expaneion,  on  a,  Klid 
■urface,  thej  will  be  reflected  from  it,  ngreeablj  to  tbe  Ikws  regulating 
the  impact  of  solid  bodies  (112).  Their  return  is  made  with  equal  TelfH 
city,  and  under  an  equal  but  opposite  angle  to  that  under  which  tbej 
advanced. 

Let  a  ipbefleal  wava  whose  eantre  ia  at  S,  ig.  S7T,  encaiinlar  obliqnel;  a 
plane  anrface,  a  0,  aeparating  two  media  of  diiferent  deniilj,  a  poTtion  of  tha 
■onnd  will  bo  reSeeted  aa  though  il  em>iiBt«d  from  277 

the  point  S',  »»  far  behind  0  aa  S  ia  in  front  of  it, 
and  white  an  would  bare  bean  the  (urface  of  the 
ware  if  the  reflecting  medium  had  not  lotarrened, 
a  n'  will  be  the  wave  aarfaoe  of  the  reflected  aoaud. 
Tatie  au;  portion  of  the  incident  wave,  aa  6  m, 
ip  =  s  a,  when  tbe  aurfua  of  the  incident  w 
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353.  Eoho. — An  echo  is  tbe  repetition  of  a 
■ound  reflected  by  a  sufficicDtl;  distant  object, 
80  that  the  reflected  is  not  confounded  with 
the  direct  sound. 
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innda  muat,  tharafora^  ancHad 
ad,  Id  order  to  lie  heard  dis- 
hundrad  and  eighteen  feat  a 
raret  one  hundred  and  twenlj- 


To  hare  a  perfect  echo,  therefore,  the  reflecting  eurface  must  be  at 
least  siity-two  feet  from  the  eonnding  bod;.    (62X2  =  124.)    If  we 
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fpeak  a  sentence  at  the  distance  of  sixty-two  feet  from  the  reflecting 
surface,  we  shall  hear  the  echo  of  the  last  sjllahle  only.  If  twice, 
thrice,  or  four  times  the  distance,  two,  three,  or  four  of  the  syllables 
will  be  echoed,  the  direct  sounds  and  reflected  sound  of  the  other  syl- 
lables of  the  sentence,  being  confounded  with  each  other.  If  the  re- 
flecting surface  is  at  a  less  distance  from  the  sounding  body  than  sixty- 
two  feet,  the  direct  sound  and  the  reflected  sound  become  confused,  so 
that  words  and  tones  cannot  be  heard  distinctly.  The  original  sound 
will  then  be  prolonged  and  strengthened ;  an  effect  which  we  express 
by  saying  there  is  resonance.  If  the  distance  is  comparatively  small, 
as  in  a  common-sixed  room,  the  sounds  reflected  from  the  walls,  the 
ceiling  and  the  floor,  reach  the  ear  at  almost  exactly  the  same  time  as 
the  direct  sound,  and  the  apparent  power  of  the  voice  is  strengthened, 
besides  {^eeerying  its  delicacy.  Where,  however,  the  apartment  is 
larger,  the  direct  sound  only  partially  coincides  with  the  reflected 
sound,  and  more  or  less  confusion  arises.  Voices  are  heard  in  a  re- 
markably sonorous  manner,  in  large  apartments  with  hard  walls,  while 
draperies,  hangings,  carpets,  &c.,  about  a  room,  smother  the  sound, 
because  these  are  bad  reflectors.  A  crowded  audience  has  a  similar 
effect,  and  increases  the  diflloulty  of  speaking,  by  presenting  surfaces 
unfavorable  to  reflection. 

354.  Repeated  echoes. — Repeated  or  multiplied  echoes,  are  those 
which  repeat  the  same  sound  many  times.  This  happens  when  two 
obstacles  are  placed  opposite  to  one  another,  as  parallel  walls,  for 
example,  which  reflect  the  sound  successively. 

A  striking  and  beautiful  effect  of  echo  is  produced,  in  certain  locali- 
ties, by  the  Swiss  mountaineers,  who  contrive  to  sing  their  Ram  de» 
Vaehes  in  such  time,  that  the  reflected  notes  form  an  an^reeable  accom' 
paniment  to  the  air  itself. 

There  Li  a  mrprising  echo  between  two  bams  at  Belvidere,  Allegheny  county, 
N.  T.  It  repeatB  eleven  timei,  a  word  of  either  one,  two,  or  three  syllables ; 
and  has  been  heard  to  repeat  it  thirteen  times.  By  placing  oneself  in  the  centre, 
between  the  two  bams,  a  double  echo  is  heard,  one  in  the  direction  of  each  bam, 
and  a  monosyllable  is  thns  repeated  twenty-two  times. 

At  Ademaoh,  in  Bohemia,  there  is  an  echo  which  repeats  seven  syllables 
three  times;  at  Woodstock,  in  England,  there  is  one  which  repeats  a  sound 
seventeen  times  daring  the  day,  and  twenty  times  daring  the  night.  An  echo  in 
the  Villa  Smionetta,  near  Milan,  is  said  to  repeat  a  sharp  soand  thirty  times 
audibly. 

The  most  celebrated  echo  among  the  ancients,  was  that  of  the  Metelli  at  Rome, 
which,  according  to  tradition,  was  capable  of  repeating  the  first  line  of  the 
^neid,  containing  fifteen  syllables,  eight  times  distinctly. 

355.  Change  of  tone  by  echo. — Dr.  Chas.  Q.  Page  describes  an  echo  in 
Fairfax  county,  Virginia,  which  gives  three  distinct  reflections,  the  second  echo 
mueh  the  most  distinet.  Twenty  notes  played  upon  a  flute,  are  returned  with 
(•rfeet  eleamess.    But  the  most  singular  property  of  this  echo  is,  that  some 
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DotM  In  tba  letie  >rs  not  retunicd  in  Ibelr  pl>ee>,  bat  tn  inpplwd  «iUi  stbar 
dolsi,  whidb  BTS  eitbir  Ihirdi,  flftbi,  or  ocUtm, 

356.  ^VblapsriuB  galleilM.— Whispering  galleriea  are  su  callvd, 
beckuM  a  low  whisper,  utterad  at  one  point  in  them,  may  be  heard 
distinotl;  at  another  and  dietant  point,  wbile  it  ia  inaudible  in  otber 

Sneb  gillcriM  >re  klw*j(  domad,  or  of  elUpaaidtl  abap«;  Ibe  b«t  (otm  ia 
that  of  tbt  allipaoid  of  reTolDtiDD.  Id  auob  ■  cbunbar,  wbiiperiiiK  Id  ona  rocu, 
ii  Tsrj  kudibla  to  ■  parson  at  tba  olbsi  rocni,  bwuiie  tbe  nndulatioDi  itriking 
apoQ  Ibfi  wbIIi,  an  nUanlad  to  lb«  point  wbere  tba  baarer  ii  plaoed,  wbUa  ia 
M>7  othar  poiltioD,  a  faabia  aonnd,  or  none  at  all,  will  b«  beard,  besanw  aalj  a 
part  of  tba  raflactad  Boaad  will  reaoh  the  eat  at  one  Uma.     (&M  fig.  368.) 

One  of  tbe  balli  of  tha  muieani  of  aatlquities,  of  tba  Laarn,  at  Paiii,  ftiT- 
niabaa  an  eiamplc  of  auali  an  apartmenL  In  tba  dome  of  tbe  Rotund*  of  lb* 
Capitol  at  Waabingten,  ia  a  Bae  whlipsring  gallarjr.  Tba  principal  room  of  lb* 
Merabaola'  EiohBDEs,  in  New  York,  la  of  a  aimilar  ebaiaoler,  and  at  tha  aams 
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sadartaken  b;  Proft.  Henr^  and  Bacbe,  bj  order  of  tbe  goT 

oiation  for  tSSB,  p.  119,  and  Emithaonian  Repon  for  IH5B.  p.  221. 

357.  Refraction  of  aonnd.— Alth.iugh  Bound  is  reflected  bj  anj 
■urfoco  of  different  densitj  from  tbat  in  which  ITS 

it  originates,  the  sound  also  enters  the  Becund 
medium  by  means  of  new  vibrations  origi- 
nating at  the  interposed  surface. 

Wg  haie  aeen  {3*i,  347)  that  liie  Telodtj  of 
Soaod  is  not  tba  lame  ta  difTerenl  media.     Let  a 

anotber  mediom  in  wbich  lound  movoa  ilowar  tbao    v 
In  tha  flnl,  and  let  a  0  be  tba  enrface  of  tbe 
medinm.     Let  the  difference  of  Teiocitj  b 
that  while  the  new  TJbratioD,  origioating  M  b,   ^ 
would  adiance  Ioj>',  if  tbe  medium  ware  Ilka  tbe 

it  ia  evident  that  if  an  be  the  ware  eurface  with 
tbe  velaclt;*  unobangad,  a  N  will  be  tbe  «a>a  anr- 
faoa  with  Iha  retarded  nlooity,  and  tha  raj  Si 
will  enter  tbe  aecoad  mediom  in  tbe  direction  ft  K, 
more  nearly  perpendicular  to  Ibe  aurraee  a  0,  than 
lla  direotloD  in  the  firat  medium. 

For  a  fuller  diacuaaion  of  tbe  law>  of   refrac- 

Tbe  phenomena  of  refracUDo  of  aaund  are  in 
aCDordanee  with  theory.  The  rai«arcbei  of  Poii- 
tOB  and  Oreen  haie  placed  thia 


oubt     SondbauBi  has  deB«Diti«ul 


up,  tha  uond  Muad  to  be  baud  ;  uid  cho  malt  hu  ihe  ume  [f  the  eur 
WW  nmaTBd  ftnm  Ibe  axii  3  r.  Hiviag  rii|>1iued  lbs  intob  bjr  u  argun-pipe, 
haTing  ui  opcDing  like  ■  IIdU,  initesd  of  Ibe  tw  he  employed  lbs  benl  tubs 
/t,  hBTing  gill d- bote r'g  gkin  sileodeil  umr  (be  npeaiag  e,  and  fiao  Hnd  placed 
upuo  it.  Wfaeo  Ihig  apparatus  uucupifd  the  poBilions  in  which  the  ear  heard 
tbe  (Diuid  of  the  walob,  the  saad  wiVB  ugiuted  ;  bat  an  remaviDg  the  1en<  the 


eonptehend  haw  the*e  eiperimeDts 
UI  refsr  to  the  prineiple>  of  optlo.  i 
ni  the  ciplajiKtiuD  rery  ootDplBio,  a 


y  to  be  undsrjlood. 


iployed  to  ounvoj 


358.  Tlie  *peakiDg- trumpet  ii 
the  TDtce  Ut  a  gre&t  disUnce.  T' 
tube  OP,  fig.  280,  terminated  by  a  belUhaped  eitremitj.  P.  At  0 
is  a  month-piece  wbkh  gurrounds  tlie  lips  without  inlorfaring  with 
their  m-iveoients.  The  trumpet,  it  is  said  by  history,  wae  used  bj 
HO 


Aleiander  the  Great  for  commandiDg  bia  army.  At  th«  present  day 
it  is  euiptoyed  at  sea  to  cause  the  mice  of  the  uomniander  li>  be  heard 
aUore  the  ruar  (if  tbe  wioda  and  wavea.    On  land  it  is  usad  by  Bremen. 

To  explain  the  aagioeBtstioD  of  loDiid  by  the  trumpet.  It  «M  rormerl;  gup- 
pofed  that  tbe  iDUiid  iras  rcBecled  b;  tbe  tides  at  Iho  trumpet,  eo  Ibat  lbs  rihr*. 
itoai  iMDe4  ID  ths  direetion  uC  ths  lui*  of  tbe  igitrqaent,  ai)4  Uiat  (hii  aflsci 
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expliwutLon  by  rcBeolion  of  the  r»yjnf  «onnd  li  ioadmisiilile.    Id  reklitj 

rm  or  tis  ellromit;  bu  oontidBrnMo  ipBueaoe,  bul  en  tlie  ttaeory  of  kBdc- 

,  iboDld  be  -ilhoul  BlTwit.    On  Lhe  eontr&r;.  this  coaical  rDrm  tbould  be  ftll 

I  cjlinilricLl  tube,  wUb  ■  belt-abuped 

,  ID  that  tha  reBactioD  mnut  bs  rcrj 
r«eb1e  or  almoit  null,  Iht  EnMntUy  of  tbe  loniid  tnniniittiid  rcmdiia  nnehanged. 
We  taiy  luld  thM  tha  aoand  (nngmitlvd  tfarougb  •  ipaaking-trainptit  ii  Sni-Kued, 
not  mkrelj  in  tbg  dinclion  la  wbiob  it  ii  poinlsd,  but  In  ersrj  dir»tioii.  wfanther 
Ihn  citremit;  ia  bcll-abaped  or  Dlhomiie.  The  effipu;  of  tbs  trumpat  la,  Iberv- 
f»re,  out  due  to  the  raOeotlon  of  aound  rrani  Ita  walla,  but  simply,  lu  itaUid  by 
HlMBarrati,  to  lbs  greater  iulenaily  of  tbe  pntialioDa  prodaood  in  tbe  eolumn 
ef  conSui'd  air  wbich  Tibrntei  in  unlaon  nith  Ibe  voice  at  tbe  muulh-pleea.  A 
eoDaiderable  efleat  ii  prnduoed  bj  the  bell-ehiiped  extremity  nf  the  tmiupei,  bal 
the  ualure  or  Ihii  inHueuce  liai  out  Iwen  intiifintorilj  eiplaioed. 

359.  Eat-Unmpet.— Tlie  hearing-trumpet,  fig.  281,  intccded  to 
ftHfliat  per»i>nB  hard  of  hearing,  \t  io  form  and  appliciition  the  reTeran 
of  the  s peak inf; -trumpet,  althuugh  id  prindpla  the  same.  It  coDEiats 
uf  a  Clinical  tube,  turned  in  anj  ^^1 

conTeoieDt  direction,  so  that  the 
opouing.  0,  ma;  enter  the  i 
The  strengthening  of  the  aound  t 
by  this  ioatrument  wa»  formerly 
attributed  to  reflection  of  sonorous  wares  caused  to  punvargc  ti>  the 
car,  and  it  was  sought  to  obtain  tbe  form  most  &vornble  to  fulfill  this 
windition  ;  thus  the  cone  was  replaced  by  a  paraboloid,  having  iU 
focus  at  the  point  o.  But  these  difiorent  forms  have  no  efieut  upon  tiie 
reault.  Moreover,  tbe  nature  of  the  walla,  and  the  condition  of  tha 
interior  surface,  whether  rou);h  or  polialied,  or  lined  with  cloth,  has  no 
ofTect  upon  the  intensify  of  the  sound.  The  only  eaacntial  condilioo  ia 
thai  the  exterior  opening  should  be  greater  than  that  which  enters  the 
ear.  The  effect  of  the  ear-trumpet  ia  explained  as  follow*: — The  por- 
tions of  compresaed  or  dilaiedair,  which  arrive  at  the  eitsriorfipenlng, 
transmit  their  nnmpreasion  or  dilatation  tu  portions  uf  uir  smaller  oiid 
smaller,  and  consequently  trnnemit  It  with  increaaing  inteuaity.  lu 
this  manner  the  portion  of  air  at  o  receives  and  trnnsmit»  tu  Ae  mem- 
brane of  the  tympanum  a  compression  or  dilatation  uf  much  greatiir 
intensity  than  in  the  absence  of  the  iuBtninient.  Holding  the  hand 
concave  behind  the  ear,  as  deaf  persons  ore  seen  to  do.  concentrates 
sound  in  the  manner  of  an  ear-trumpet.  The  form  of  the  external  ear 
in  animals  favors  tbe  C'llloolion  of  anund. 

360.  Tbe  airen. — ^Thls  ingenious  instrumeot  war  invented  by  M. 
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Cignivd  de  IMoar,  for  the  poTpow  of  Mcerlw>ing  the  Damber  of 
TibratioDi  of  a  sonnroDs  bod;,  correaponding  to  bdj  proposed  mnaicsl 


riiHi  it  ean«U»il«d  •atinlj  of  brut.  It  eoniMt  Of  a  tabt,  0,  aboat  Ibar  IdohM 
hi  dUmstn-,  InBiutIng  in  ■  nnoolb  circular  plate,  B,  fg.  1S4,  wLieh  eontaini, 
at  nsalar  inlivTall  Bsat  iU  eironmlenDcs,  imaJl  IidIu,  which  in  pianail  through 
tba  plata  in  aa  abliqnc  direction.  Anothar  plate,  A,  taniing  rsr;  caail;  upon 
Ha  aiia,  ii  plaeri  aa  HBar  ai  pouibic  to  B,  viUioat  being  in  oonlaet  with  it.  Thli 
plau  i<  pinwd  with  tha  ume  nnmb«r  of  obliqni  orifleai  ai  thoH  in  (hs  plata, 
B,  bat  inclined  in  u  oppAaite  direction,  ai  ihown  in  Bg.  283,  n,  A ;  m,  B. 

Wiia  ■  Bunnt  of  air  arrirca  froca  the  bellowi,  il  paaaa  tbroogh  the  holei 
of  tlw  bit  plata,  and  imparta  a  lOUtj  motament  Is  tha  aecoad  plate,  io  tba 
dlTMtiOD  a.  A,  fig.  193.  At  tba  npper  plala  raTolrei,  tha  enrrent  of  wr  ii  allar- 
&alal7  Bat  off,  and  renewed  nfiidi;  b^  tbe  conataoUj  chaegiog  podtian  of  the 
holaa.  In  eroaeqaBBea  of  thii  intermptioD,  wbeo  the  plate  A  nio««a  witb  a 
anifiirm  reloeit;,  a  teriai  of  pnfli  of  wind  will  eacape  at  eqnal  iclarrall  of  time. 
TImm  paBa  will  prodoea  ODdalatJeDa  io  the  ^r  aarronndisg  tbe  isatmrnent,  and 
whaa  tba  wheel  raralTea  with  iaDclant  rapidity,  a  mnaical  lOnnd  ia  prodoced, 
which  inereaaaa  In  aeatencai  aa  the  Telocity  of  the  whee[  beeomei  greater. 

A  eonater  (tike  that  on  •  gaa  meter)  ia  coonecled  witb  tbe  upper  plala,  bj 
whish  the  nnnber  of  reTulatioDi  ia  indicalad.  Preiaore  upon  the  bnttona,  C  D, 
■g.  tM,  caaaai  the  toothed  whaela  to  be  lel  in  eommnnication  with  the  BDdleaa 
teiaw  upon  the  apindle,  T.  Tbe  revolntioo  of  tbeae  wbeela  ia  recorded  b;  the 
BOtioD  of  tba  haada  npon  (he  diala  Id  Bg.  282.  To  delertniue  the  nnmber  of 
TibratiuDJ  eormponding  to  a  giren  aonnd,  a  blaat  of  wind  ii  forced  from  Ifae 
bellowa  Into  tha  alren,  until  it  giree  a  correaponiling  nolo.  The  haoda  od  the 
diala  being  broogtat  to  Ibaii  reapeeti*e  aetoe  at  the  eommeneameat  of  tbe 
agpariMMt,  IMr  fttUim,  at  tba  and  of  any  known  interral.  wiU  indleala  Uu 
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iBTe  ■■cBpsd  rmm  lb«  nvulring  pUU.  uid  will. 
iBilier  of  undulmtians  ot  tile  Mit  which  ctirrutiDnil 
uduccJ. 

ith  oqual  mlorlly,  gi?B»  the  (Bine  sound,  BueepliBg  the  timbre,  in 
difleront  gaiee,  and  in  nalDr,  u  il  d<HU  in  sir,  irbicb  provr;,  [hit  Iha  bsighl 


Tbu 


lUDd  d 


Ilia  AUDurum  body. 

3G1.  BavBit's   toothod   irbeel. — SaTort    hna    employed    another 
nppamtus  b>  uomit  U'e  uuiuher  of  vibratiuns  corres ponding  to  aaj 

piiiponed  pit«h. 

It  consitlj,  Bg.  !Si,  of  ■  inolhed  wheel,  D,  lo  he  revuUed  lu  mguUrlj  ■■  pot- 
•ibie,  by  DiL'idf  of  Iha  wbuel  R,  and  en<llc«i  bind  r.     The  toothed  whMll,  D 


rorroBpnnd  with  Ibe  nuinber  of  ImUi  which  bme  utruek  the  longue  ia  the  suns 
tims.  Thia  ia  leanied  froiD  the  dial  pikte,  0,  whirb  indieileB  the  Dambsr  of 
reToInUom  of  the  aiii.  and  multipljing  tbia  bj  the  namber  of  Iwlb,  we  hare 
the  whole  Dumber  of  vibntiuni  in  a  giien  time.  Upon  rerolTing  the  *taMl 
■lawlj,  we  may  hear  the  autDSiitiie  (hooka  of  the  teeth  againit  the  tongae,  «nd 
■■  we  inarea«e  the  reloElty,  we  obtain  a  mora  and  more  elcvKted  lonnd. 

362.  Moalo  halU. — Music  halls,  tliEatrcB,  b:.,  should  be  80  oon- 
Btruotod  &s  to  oonvej  Ihe  Bounds  that  are  uttered,  throughout  the  space 
occupied  bj  the  audience,  unimpaired  by  any  echo  or  conflicting  sound. 
On  theoretical  grounds,  the  best  form  for  the  whIU  would  be  that  of  a 
parabola.  Omnmente,  pillars,  alcoves,  vaulted  ueilinga,  all  needless 
hollow  and  picjeuting  spaces,  break  up  and  destroy  the  echoes,  and 
reBuuaucea.  Tha  hcigbl  of  a  room  for  public  speaking  should  be  not 
more  than  from  thirty  to  thirty-five  Teet ;  for  at  this  point,  colled  the 
limit  of  peroeptibility,  the  reflection  and  the  voice  wilt  blend  together 
well,  and  thus  strengthen  ihe  voice  of  the  speaker ;  If  it  is  higher  tbon 
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this,  the  direct  soond  and  the  echo  will  begin  to  be  heard  separately, 
and  produce  indistinctness. 

{  2.  Physical  Theory  of  Musio. 

363.  Qualities  of  musical  sounds. — Musical  sound  is  the  result 
of  equal  atmospheric  vibrations,  conveying  to  the  ear  tones  of  definite 
sod  appreciable  pitch.  The  ear  distinguishes  three  particular  qualities 
in  sound.  1.  The  tone  or  pilch^  in  virtue  of  which  sounds  are  high  or 
low.  2.  The  intennty,  in  virtue  of  which  they  are  loud  or  soft ;  and 
3d,  quality  or  timbre^  in  virtue  of  which  sounds  of  the  same  intensity 
and  pitch  are  relatively  distinguishable. 

1.  Tone  or  pitch. — The  tone  or  pitch  of  a  musical  sound  is  high  or 
low.  It  depends  on  the  rapidity  of  the  vibratory  movement.  The  more 
rapid  the  vibrations  are,  the  more  acute  will  be  the  soun^. 

2.  Intensity  or  loudness. — The  intensity,  or  force  of  sound,  de- 
pends on  the  amplitude  of  the  oscillations ;  that  is,  upon  the  degree  of 
condensation  produced  at  the  middle  of  the  sonorous  wave. 

A  sound  may  maintain  the  same  pitch,  and  yet  possess  greater  or 
less  intensity,  according  as  the  amplitude  of  the  oscillations  varies. 

Tboi,  if  we  vibrate  a  tenra  cord,  the  intensity  or  londnesa  of  the  tone  will 
vary,  as  the  distance  which  the  vibrating  parts  pass  en  each  aide  of  the  line  of 


3.  Quality. — Quality  is  that  peculiarity  in  sound  which  allows  us  to 
distinguish,  perfectly,  between  sounds  of  the  same  pitch,  and  the  same 
intensity. 

Thus,  the  sounds  produced  bj  the  flute  and  clarionet  are  at  once  distinguish- 
able. The  quality  of  the  sound  of  instruments  appears  to  depend  not  only 
on  the  nature  of  the  sonorous  body,  and  the  surrounding  bodies  set  in  vibration 
by  ity  but  also  on  the  form  and  material  of  the  instrument ;  and  probably,  also, 
JB  the  form  of  the  curve  of  vibration. 

364.  Unison. — Sounds  produced  by  the  same  number  of  vibrations 
per  second,  are  said  to  be  in  unison. 

Thus,  the  siren  (360)  and  Savart's  wheel  (361)  are  in  unison  when  we  cause 
to  make  the  same  number  of  vibrations  in  the  same  time. 


365.  Melody. — Hannony. — When  the  vibrations  of  a  progressive 
series  of  single  musical  sounds  bear  to  each  other  such  simple  relations 
as  are  readily  perceived  by  the  ear,  an  agreeable  impression  is  pro- 
duced, called  melody»  When  two  or  more  sounds,  having  to  each  other 
such  simple  relations,  are  produced  simultaneously,  it  is  called  a  chord, 
and  a  succession  of  chords,  succeeding  each  other  in  melodious  order, 
aoostitiites  harmony. 

If  we  take  a  series  of  sounds,  the  ratios  of  whose  vibrations  are  as 
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the  following  numbers — 1  :  2  :  3  :  4  :  5  :  6  :  7  :  8  :  9  :  10 — ^we  have  the 
notes  which  will  produce  a  series  of  chords,  which,  commencing  with 
the  most  simple,  will  gradually  become  more  and  more  complicated, 
until  the  ear  can  no  longer  perceive  their  relations ;  when  this  point  ia 
reached,  they  will  cease  to  produce  chords  and  harmony. 

In  sounds  whose  vibrations  bear  to  each  other  the  relations  of 
1:2:4:8:  16,  every  vibration  expressed  by  the  lower  numbers  cor- 
responds with  similar  vibrations  in  the  higher  series.  The  interval 
between  such  sounds  is  very  great,  and  is  called  an  octave^  becaose 
other  sounds  having  simple  relations  may  be  so  placed  between  1  and  2, 
or  4  and  8,  as  to  form  with  the  two  extremes  a  series  of  eight  Bonads 
having  agreeable  relations  to  each  other. 

Fig.  286  represents  the  relations  286 

of  such  tones  as  produce  the  most 
pleasing  effects   when   sounded   to- 
gether.    The  dots  represent  vibra-  Octave 
tions ;  and  those  which  occur  simul-     2  :  1 
taneouslj,    and    therefore    increase 
each  others'  powers,  are  connected 
by  vertical  linos.     On  the  left  of  the  Fifth 
figure  are  the  names  applied  to  these     3  :  2 
intervals,   as    explained   in   section 
871. 

Fourth 


366.   Musical    scale. — Qa-     ^.3 
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mnt. — The  tones  forming  a  me- 
lodious series  between  any  two 
adjacent  sounds  which   are  as  ^**J®' 
one  to  two,  are  called  the  miutical     . 
9cale  or  gamut. 

It  is  generally  supposed  that  the 
musical  scale  was  invented  by  Guide 
of  Arezsio,  or  according  to  others  Minor 
that  it  was   an   improTement  upon     Third 
the   Grecian   scale,   and  called    the     ^  '  ^ 
gamut  from  the  Greek  letter  gammOf 
as  an  acknowledgment  of  the  assistance  he  derived  fh>m  that  nation. 


1 


1 


The  sounds  which  compose  the  musical  scale  or  gamut,  are  the 
alphabet  of  music.  They  are  designated,  in  English,  by  the  letters  C, 
D,  E,  F,  G,  A,  B.  In  French  and  Italian,  by  the  words  ut,  or  do,  re, 
mi,  fa,  sol.  la,  si. 

We  may  also  represent  the  notes  of  the  gamut  in  numbers.  In  order 
to  find  the  relation  which  exists  between  the  fundamental  note,  C,  or 
do,  and  the  other  notes,  the  sonometer,  or  monochord,  fig.  287,  is  em* 
ployed. 
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3ftl.  Th«  aoDometei  or  monochord. — Thin 
I  itni);  thf!  tninsverBe  vil)rBii<)nB  nf  t-nnlfl ;  atij  hy  it  » 
,n1iiliuii  betwMn  th«  'ilfferent  mitP"  i>r  ihn  miiKii^iil  w^»le,  kd'I,  wilh  Uie 
iwd  of  ibe  airen  (360),  the  number  (>r  TJIiratioDB  b;  which  thejr  Bra 
I'rMpectivelj  pniducad. 

AboTB  ■  cue  nf  Ihio  W'>'h).  a  Ford.  nr  neUllio  irire.  A  t>.  i>  i>lretrh«]  ornr  Uia 

^IIV  «.  t>7  lbs  weighU  P.  an  tbo  pan  ■».  Gc.  2H7.     Tlic  moobls  bridge,  B,  »■'» 

2«T 


•rked  off 

beneath 

the  wire,  c 

Mtingiu 

whole  ' 

ngth,  pr-du 

eath 

.  mavab)< 

B.  Duit  be 

>dvaii 

glhnflb 

Dtba 

ding  ill  1 

manner  h. 

iRn( 

tha  cord  <i 

orr»po 

ding  lu  ea<.'b  note 

Kote., 

RcllttiT 

«  Jengll. 

ofeord, 

^•ishl 


CDBFfiA       BC 

I    I     I     »    i     *    iS    i 

Contiaoing  la  move  Ibe  bridge  fln  ILe  aonnmebir,  it  will  bo  Ibnnd.  ihnt  tbe 
•ighlh  SDUDd,  iLe  nclArx,  !•  |.rudii<vd  bf  ■  longib  iif  curd  b^iir  IhuL  of  ihe  funds. 
'  louDil.  Upon  thia  note,  an  orUiva  htjiher  Iban  tho  rundainuntal  nolc,  we 
ntlract  a  acale,  eacb  note  of  wbich  ii  produced  b;  Ihe  rihtftliun  at  a  cnnl 
long  ae  Ihe  uune  note  in  Iho  prorediug  gamut  In  Ibe  gaina  mtcMr  w« 
ire  aUu  ■  (bird  uid  a  f'lurlb  ai:Ble. 

idx.  RDlatlve  namber  of  vibiations  coireHpondlns  to  each 
not«.— In  i>rder  lu  aacprtiiin  tiio  relative  tiutiiber  nf  vibrxtioiis  corrrs- 
punditif;  lii  Biu'Ai  note  in  the  same  time,  it  U  sufficiont  I'l  invert  tba 
1  fnctiuDi  i)f  th«  preretlirig  table.  Fur  b_v  the  principles  ulrosdj  estii' 
Misbed  (309).  the  number  of  vibmliuns  h  in  itireme  ratio  of  the  length 
f  iho  string.  Kepre«eDtiDj;,  therefure,  the  nuuiber  of  vibratiora  cor- 
nponitin};  In  Ihe  fundaJiiuiilal  note  C,  by  1,  prncce'lia^  aa  sbuve,  we 
□  the  following  table: 

Nc.l«. i;      I)     E     V     li      A      B     Q' 

Relative  number  of  vibrKtioHN        1      1      i      t      i       s      f     2 
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Which  indicates,  that  in  producing  the  note  D,  nine  vibrations  are  made 
in  the  same  time  that  eight  are  made  by  the  fundamental  note  C.  Sj, 
when  the  note  £  is  sounded,  five  vibrations  are  made  for  four  of  C ;  for 
B,  fifteen  to  eight  of  0,  &g. 

369.  Abaolate  number  of  vibrations  oorrespondlng  to  eaoh 
note. — By  setting  the  siren,  or  Savart's  wheel,  in  unison  with  a  given 
sound,  we  obtain  the  absolute  number  of  vibrations  corresponding  to 
it.  If  we  set  the  siren  in  unison  with  the  fundamental  G,  in  order  to 
obtain  the  number  of  vibrations  corresponding  to  the  other  notes,  as  D, 
we  have  but  to  multiply  it  by  the  fraction  },  &c.  But  the  fundamental 
G  varies  with  the  nature,  length,  and  tension  of  the  cord  of  the  sono- 
meter, and  therefore  the  number  of  vibrations  may  be  represented  by 
an  infinite  variety  of  numbers,  corresponding  to  the  different  soales. 
The  notes  of  the  scale  whose  gamut  corresponds  to  the  gravest  sound  of 
the  bass,  are  indicated  by  1.  To  notes  of  gamuts  more  elevated,  are  affixed 
the  indices  2,  3,  &o, ;  to  graver  notes  are  affixed  the  indices  —  1,  -^  2, 
&o.  The  number  of  simple  vibrations  corresponding  to  the  note  0,  is 
128,  and  in  order  to  obtain  the  number  of  vibrations  corresponding  to 
the  other  notes,  we  have  but  to  multiply  this  number  by  the  fractions 
indicated  in  (368),  which  gives  the  following  table: 

Notes,  .        .        .       G       D      £       F       a       A       B 

Absolute  number  of  simple 
vibrations,      .        .        .128    144   160    170|    192   213J   240 

The  absolute  number  of  vibrations  for  the  superior  gamut,  is  obtained 
by  multiplying  the  numbers  in  the  table  successively,  by  2,  by  3,  by  4^ 
&G. ;  for  the  lower  gamut,  we  divide  the  same  numbers  by  2,  by  4,  Ac 
Thus,  the  number  of  vibrations  of  A3  is  214  X  4  =  856  simple  vibra- 
tions, or  428  complete  vibrations.* 

It  must,  however,  be  stated,  that  there  is  a  slight  difference  in  the  aetiuJ 
number  of  vibrations  producing  a  particular  note  as  performed  in  different  eiiies. 
Thus,  A3  of  the  pitch  adopted  at  different  orchestras,  which  by  the  above  table 
should  be  produced  by  426 1  vibrations,  varies  as  follows  : 

Orchestra  of  Berlin  Opera, 487*SS 

Opera  Gomique,  Paris,      .......  427*61 

Academic  de  la  Musique,  Paris,  .....  431*d4 

Italian  Opera,  in  1855, 449 

In  piano-fortes,  which,  for  private  purposes,  are  generally  tnned  below  coaosft 
pitch,  A3  is  produced  by  about  420  vibrations  in  a  second. 

There  has  been  a  curious  progressive  elevation  of  the  diapason  (pitch)  of 
orchestras,  since  the  time  of  Louis  XIV.,  when  the  la  in  the  orchestra  was 
(according  to  Sauvour)  810  simple  vibrations  (=405  complete  vibrations)  psf 
second ;  the  number  at  the  grand  opera  is  now  898,  or  nearly  a  tone  higher. 
This  rise  has  taken  place  mainly  in  the  present  century — being  a  semitone  sinee 
1823.  The  causes  of  this  change  (which  is  still  in  progress)  are  doubtless  owing 
_j  * 

*  See  Appendix,  p.  668 


ACOUSTICS.  271 

la  tiM  proi9ou  adopted  for  preserving  and  transmitting  the  true  pitch  of  the 
fktndamental  note.  The  final  tuning  of  the  diapason  is  done  hj  the  file,  and 
filing  a  diapason  heats  it ;  at  the  moment  it  is  in  tune  with  the  standard  it  is 
thus  heated,  and  when  it  afterwards  cools  the  tone  rises.  When  this  second 
di^Mwon  is  used  for  tuning,  there  is  another  similar  rise,  and  so  it  continues. 
This  gradual  elevation  of  pitch  becomes  quite  sensible  after  the  lapse  of  one  or 
two  generations.     (Am.  Jour.  Set  [2j  xx.  262.) 

370.  Ifength  of  sonoronB  ^rave8.r-It  is  easy  to  aacertain  the  length 
of  a  sonorous  yibration,  if  we  know  the  number  of  vibrations  made  in  a 
second.  For,  as  sound  travels  at  the  rate  of  1118  feet  per  second,  if 
but  one  vibration  is  made  in  that  time,  the  length  of  the  wave  must  be 
1118  feet;  if  two  vibrations,  the  length  of  each  must  be  half  of  1118, 
=»  659  feet,  ^. 

C  corresponds,  as  we  have  seen,  to  128  vibrations  per  second;  the  length  of 
Ito  waves  is,  therefore,  (1118-4-  128)  =  8-73  feet. 

The  following  table  indicates  the  length  of  the  waves  corresponding  to  the 
C  of  successive  scales  : 

Length  of  waves  In  feet.        Number  of  vibrations  In  a  seeood. 

C_, 70-  16 

C_, 85-  31  ' 

C_, 17-5  64 

Ci        8-73 .128 

C,       4-375 256 

C,        2-187 512 

C4        1 093 1024 

371.  IntenraL — Interval  is  the  numerical  relation  existing  between 
the  noipber  of  vibrations  made  in  the  same  time  by  two  sounds,  or  it  is 
that  which  indicates  how  much  one  sound  is  higher  than  another. 

Musical  intervals  are  named  from  the  position  of  the  higher  note 
ooonting  upwards  from  the  lower. 

C.  D,  E,    F,   G,    A,    B,  C^  IK,    E^    F^     GK,    A',    B\    C'\ 

1. 1,  .f.  t»  I,  *  V,  2,  v»  y.   f»    I.   y.  V.  4. 

Uft»  2d,  3d,  4th,  5th,  6th,  7tb,  8th,  9th,  10th,  11th,  12th,  13th,  14th,  15th. 
I.  V.  if.   f.    V,     I.     if.    h     V.    if.       i       V.      h      if. 

In  the  above  table  are  given,  Isty  the  letters  by  which  successive  notes  art 
designated ;  2d,  the  relative  numbers  of  their  vibrations  as  compared  with  the 
lowest  note ;  Sd,  the  names  of  the  notes  as  compared  with  the  first ;  and  lastly, 
tiM  intervals  obtained  by  dividing  each  note  bj  that  which  immediately  precedes 
it.  It  will  be  seen  that  tiiere  are  but  three  different  intervals  between  sucoes- 
tive  notes  of  the  scale  ,*  vis.  },  which  (being  the  largest  interval  found  in  the 
seale)  is  called  a  major  Ume,  ^  called  a  miiwr  tone,  and  jf  which  is  celled  a 
oemdtomt,  though  it  is  greater  than  one-half  of  the  interval  of  either  of  the  other 
tones.  This  last  is  also  called  a  diatouie  •emttone,  to  distinguish  it  from  other 
divisions  made  for  pMiicnlar  purposes.  The  difference  between  a  mi^or  tone 
and  a  minor  tone  is  ^  of  a  m^or  tone,  and  is  called  a  coMwa. 
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Comparing  the  notes  of  the  natural  aoale  two  and  two,  we  obtain  a  Tarlet^ 
o/*  intervals  named  as  in  the  following : — 

TABLB  OF  MUSICAL  IMTBRYAL8. 

9D«sFQ  =  ABa»  |;  mi\jor  tone. 

DB»aA»-  V  =^  i^  ^^  ii  minor  tone. 

E  I  =  B  C  =  I!  =  f }  o^  If  ^^  I  >  <i^iatonic  cemi 

tone. 
CE«=FA  =  GB=  {;  major  third. 

fiG==AC'=^BD'=>  i  "="  ili^f  i'>  m*°o>^  ^*^- 

DF-  J  of  tjf  =  |fofitof  ij  tfofa 

minor  third. 
CF  -=  DO  =  BA  =  OC  =  |;  fourth. 

A  D' »  I  r=  I L  of  I ;  sharp  fourth. 

fourth. 

CO  ==EB=.FC'  =  GD'-=AE'==|;  fifth. 

D  A  =  t  II  =  If  of  f  ;  IT  of  *  perfect  ftflh. 

B  F'  c=  }  I ;  an  inharmonious  interraL 

CA=DB  =  FD'  =  OB'=  J;  sixth. 

AF'  =  B0'»  ;  «=  II  of  |;  minor  sixth. 

FD'  =  II ;  an  inharmonious  interval. 

*CB=^FB'=  y;  seventh,  an  inharmonious  inter- 

val. 

D  C  =•  O  F'  =  B  A'  «  1^  J  flattened  seventh,  fj  of  |  j  de- 

cidedly more  harmonious  than  the 
seventh.* 

B  D'  =  A  0'  =  ^  I  =  f  i  of  y  ;  minor  seventh. 

C  C  =»  f  J  octave. 

372.  Compoand  chords.— Perfect  concord. — It  is  evidently  easy 
to  take  three  or  four  notes  whose  vibrations  have  simple  relations  to 
each  other,  and  which  taken  two  and  two  produce  a  sensation  of  har- 
mony.    Such  combinations  are  called  compound  chords. 

If  we  take  the  three  notes  C,  £,  G,  whose  vibrations  are  to  each 
other  as  the  numbers  4,  5,  6,  compared  two  and  two  they  give  the 
relations  |,  {,  f,  which  constitute  by  their  union  three  harmonioos 
intervals  called  the  perfect  major  accord.  If  we  take  the  three  notes 
B,  G,  B,  which  compared  two  and  two  give  the  relations  {,  f,  },  we  find 
It  differs  from  the  preceding  only  in  the  order  of  the  intervals.  This 
series  is  called  the  perfect  minor  accord. 

373.  A  ne^r  musical  scale. — By  examining  the  preceding  pages  it 
will  be  seen  that  the  relative  number  of  vibrations,  and  the  intervals 
between  different  notes  in  the  common  musical  scale,  are  made  up 
entirely  of  combinations  formed  from  the  three  prime  numbers  2,  3,  5. 
and  it  has  been  generally  stated  that  relations  founded  upon  the  prime 

*  The  ratio  }  is  claimed  to  belong  to  natural  music ;  see  section  (378). 
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7  were  too  complicated  to  be  appreciated  by  the  ear,  or  to  be  exec  ated 
either  by  the  voice  or  by  instruments.  But  the  use  of  the  prime  seventh 
in  music  has  been  recently  pointed  out  by  H.  W.  Poole,  Esq.,  of  South 
Dan  vers,  Mass.* 

KnltSplying  the  ratios  of  the  ordinary  scale  by  48,  we  have  the : — 

TBIPLB  DIATONIC  SCALE. 

(  With  Common  Chord  on  67,  6  and  F.) 

C,        D,         K,        F,        Q,        A,        B,        C. 
48,       54,       60,       64,       72,        80,       90,        96. 

Bj  introducing  the  prime  7,  Mr.  Poole  obtains  a  series  which  he  calls  the  :— 

DOUBLE  DIATONIC  SCALE. 

(  With  Common  Chord  on  C,  and  Chord  of  7  and  9  on  (?.) 

C,        D,        E,        (F),        G,        (A),        B,        C. 
48,       54,       60,    .    63,  72,         81,         00,        96. 

Id  defence  of  this  introdaction  of  the  prime  7  in  musical  composition,  it  ia 
claimed  thai  it  is  required  to  fill  up  the  series  1  to  10  (365),  as  all  the  other 
nombers  np  to  ten  are  universally  admitted.  It  is  farther  claimed  that  it  is  of 
frequent  use  by  such  masters  as  Uayden,  Handel,  in  the  "Dead  March  of 
Saul,"  Bfosart,  in  the  *'  0  dolce  Concento,"  and  that  it  abounds  in  the  com- 
positions of  Rossini,  and  occurs  in  all  music,  eypecially  that  which  is  popular 
or  generally  in  favor. 

It  may  also  be  mentioned  that  the  Chinese,  in  their  musical  scale,  employ  the 
flat  sevenths  instead  of  the  notes  in  use  with  us,  which  gives  G  to  B  as  72  to  84 
or  6  to  7,  and  B  to  C  as  84  to  96  or  7  to  8,  the  very  harmony  contended  for. 

The  following  example  of  harmonies,  rising  through  the  entire  series  from 
1  to  10,  is  taken  from  the  essay  of  Mr.  Poole. 


KoHoIation 


Here  we  have  a  series  of  harmonies  beginning  with  the  common  chord  C,  E, 
A,  4»  6,  6,  and  rising  in  the  last  example  to  the  full  chord  of  the  10th,  all  of 
which  can  be  appreciated,  and  are  capable  of  giving  a  pleasing  effect  on  an 
instrument  of  perfect  intonation.  The  full  chord  of  the  10th  contains  the  fol- 
lowing aories  of  vibrations  and  intervals : — 


•  Am.  Jour.  ScL  [2],  IX.,  p.  68 ;  also  Math.  Monthly,  II ,  p.  16. 
26 


Fourth. 
G.      3      •  •  •  •       3  ■ 

Fifth. 
C. 


274  THE   THREE   STATES   OF    BiATTER. 

B.  10 10. 

[  BilHOR  TOVK. 

D.  9 9; 

I  Major  Tome. 

)  extbndbd 
,  j6bcord(?) 

'*  •••••••7       DlMIHISHKD 

i  Third  (?) 
G.      6 6' 

[  Minor  Thirb 

E.  5«  •  •  •  •  •*! 

[  Major  Third. 

C.  4     •  •     *  •  •  •       4^ 

\ 

\  OOTAYK. 

C.      1     •  •       l^ 

374.  Transpoftition. — Anj  tone  of  the  common  scale,  or  any  pitch 
whatever,  may  be  taken  as  the  basis  of  another  similar  scale,  provided 
the  same  relative  intervals  are  preserved  betv^een  the  successive  notes. 
Such  change  is  called  transposition  of  the  scale.  If  such  a  change  of 
pitch  is  made  on  an  instrument  tuned  to  play  the  natural  scale,  addi- 
tional notes  must  be  provided  in  one  or  more  of  the  intervals  already 
described.  Such  additional  notes  are  called  sharps  (^)  or  flats  (|>), 
according  as  the  tone  corresponding  to  any  given  note  is  raised  or 
lowered.  When  new  notes  are  interpolated  in  every  major  and  minor 
tone  of  the  natural  scale,  there  are  obtained  twelve  intervals  in  the 
octave,  and  the  series  thus  formed  is  called  the  chromatic  scale. 

When  the  diatonic  semitone,  j{,  is  taken  from  the  major  tone,  },  the 
remaining  interval  is  called  a  chromatic  semitone.  When  the  diatonic 
semitone  is  taken  from  the  minor  tone,  ^,  the  interval  which  remains 
is  called  the  ffraoe  chromatic  semitone, 

375.  Temperament. — In  transposing  the  scale,  so  as  to  commence 
on  any  note  of  the  natural  gamut,  it  is  supposed,  in  theory,  that  every 
note  may  be  raised  or  lowered  through  an  interval  of  a  diatonic  semi- 
tone. If.  This  would  involve  the  addition  of  an  inconvenient  number 
of  new  notes ;  therefore,  in  the  construction  of  musical  instruments.  It 
is  assumed  that  such  notes  as  Cj/f  and  D[>  are  identical,  though  taey 
are  not  strictly  the  same,  and  are  not  played  alike  on  a  violin  or  harp^ 
in  the  hands  of  a  skillful  performer. 

Temperament  is  a  device  by  which  the  multiplication  of  notes  beyond 
convenient  limits  is  avoided.  For  practical  purposes,  organs,  piano- 
fortes, and  other  instruments,  are  so  tuned  as  to  divide  the  octave  into 
12  equal  intervals,  called  chromatic  semitones,  of  equal  temperamenti 
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0  III  thifl  fljstem,  all  the  musical  intervals  employed,  except  the  octates, 
differ  more  or  less  from  their  true  value,  as  given  bj  theory,  and  as 
demanded  by  the  cultivated  ear. 

Tma  rmlae.      Ymlue  in  aqnal  tompermmeBt. 

Minor  semitone,  f  J  =  1*042,  i    b/ 

Major  semitone,  |}  =  1067,  \  y^  =  ^'^^' 

Minor  third,          }  =  1200,  ^^  1189. 

Major  third,          f  =  1*250,  ^^2*^  1260 

Fifth,                    f  =  1-500,  v^2^=  1498. 

It  is  here  seen  that  the  minor  semitones  afld  major  thirds  are  all  too 
•harp,  while  the  major  semitone,  minor  third,  and  the  fifths  are  all  too 
flat. 

Messrs.  H.  W.  Poole  and  J.  Alley  have  invented  an  organ,  on  which 
every  musical  interval  can  be  correctly  given  without  tempering ;  and 
the  perfect  musical  scale  can  be  performed  in  as  many  different  keys  as 
may  be  desired.     (Am.  Jour.  Sci.  [2],  Vol.  IX.,  p.  68.) 

The  subject  of  temperament  in  all  its  relations  is  too  extensive  to  be 
treated  in  this  work,  and  we  must  refer  the  reader  to  musical  treatises 
for  further  information. 

376.  Beating. — ^When  two  sounds  are  produced  at  the  same  time, 
which  are  not  in  unison,  alternations  of  strength  and  feebleness  are 
heard,  which  succeed  each  other  at  regular  intervals. 

This  phenomenoD,  called  beatiDg,  discovered  by  Sarart,  is  easily  explained. 
Sappofling    that    the    namber   of    vibrations   of  288 

the  two  sounds  was  30  and  31 ;  after  30  vibra- 
tions of  the  first,  and  31  of  the  second,  there 
would  be  coincidenee,  and  in  conseqaence,  beat- 
ing, while  at  any  other  moment,  the  sonorous 
waves  not  being  superimposed,  the  effect  would  be 
less.  If  the  beatings  are  near  to  each  other,  there 
is  produced  a  continuous  sound,  which  is  graver 
than  the  two  sounds  which  compose  it,  since  it 
eomes  from  a  single  vibration,  while  the  other 
sounds  are  made  of  30  and  31  vibrations. 

The  nearer  the  vibrations  approach  to  exact 
unison,  the  longer  is  the  interval  between  the 
beats.  When  the  unison  is  complete,  then  no  beats 
are  beard ;  when  it  is  very  defective,  they  produce 
the  effect  of  an  unpleasant  rattle. 

377.  Diapason,  taning-fork. — The  dia- 
pason is  a  familiar  instrument,  with  which 
we  maf  produce,  at  will,  an  invariable  note ; 
its  use  regulates  the  tone  of  musical  instru- 
ments. It  is  formed  from  a  bar  of  steel, 
eorved,  tn  seen  in  fig.  288.    It  ie  often  sounded  by  drawing  through  it 
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a  smooth  rod  of  steel  large  enough  to  spring  open  the  limbs,  and  iui 
?ibration8  are  greatly  strengthened  to  the  ear  by  mounting  it,  as  in  the 
figure,  upon  a  box  of  thin  wood,  open  at  one  end.  A  diapason,  giving 
C  3,  or  256  vibrations  in  a  second,  produces  a  sound  com  parable  jwrith 
that  from  an  organ  tube. 

The  diapason  is  ordinarily  formed  to  produce  A3,  corresponding  to  428  yibra- 
tions  in  a  second. 

The  whole  diatonic  scale  is  thus  conveniently  constructed,  by  a  series  of  dia- 
pasons, arranged  as  in  fig.  289,  upon  a  sounding-box,  A  A. 

378.  Sensibility  of  the  ear. — According  to  Savart,  the  most  grave 
note  the  ear  is  capable  of  appreciating,  is  produced  by  from  seven  to 
eight  complete  vibrations  per  second.  When  a  less  number  is  made, 
the  vibrations  are  heard  as  distinct  and  successive  sounds. 

The  most  acute  musical  sound  recognised,  was  produced  by  24,000  complete 
yibrations  per  second.  Savart  maintains,  however,  that  this  is  not  the  extreme 
limit  of  the  sensibility  of  the  ear,  289 

which  is  capable  of  wonderful 
training.  The  same  physicist  has 
also  demonstrated,  that  two  com- 
plete vibrations  are  sufficient  to 
enable  the  ear  to  determine  the  ra- 
pidity of  those  vibrations  ;  that  is, 
the  height  of  the  sound  produced. 
If  his  wheel  made  24,000  vibra- 
tions  in  a  second,  the  two  require  but  y^.^rjyjjtb  of  a  second.  The  ear  may, 
therefore,  compare  sounds  which  act  only  during  this  wonderfully  brief  intenraL 
The  limit  of  perceptible  sound  depends  on  the  amplitude  of  the  vibrations.  By 
enlarging  the  dimensions  of  Savart's  toothed  wheel,  and  increasing  the  distances 
between  the  teeth,  more  rapid  vibrations  can  be  heard.  Despretz  was  enabled 
to  recognise  sound:;  made  by  36,500  complete  vibrations  per  second. 

Many  insects  produce  sounds  so  acute  as  to  baffle  the  human  ear  to  distinguish 
them  ;  and  naturalists  assert,  that  there  are  many  sounds  in  nature  too  acute  for 
human  ears,  which  are  yet  perfectly  appreciated  by  the  animals  to  which  they 
are  notes  of  warning,  or  calls  of  attraction. 

The  natural  la  is  said  to  be  heard  by  rapidly  moving  the  head ;  owing  to  the 
motion  of  the  small  bones  of  the  ear.     See  §  39.3. 

{  3.  Vibration  of  Air  contained  in  Tabes. 

379.  SonorooB  tubes. — Mode  of  vibrating. — In  wind  instru- 
ments, with  walls  of  suitable  thickness,  the  column  of  air  contained  in 
the  tubes  alone,  enters  into  vibration. 

The  material  of  the  tube  has  no  influence  upon  the  pitch,  but  affects  the 
quality  (363)  in  a  striking  and  important  manner.  The  pitch  of  the  sound 
produced,  depends  partly  on  the  sise  and  situation  of  the  embouchure ;  still  more 
on  the  manner  of  imparting  the  first  movement  to  the  air,  and  partly  also  ou 
varying  the  length  of  the  tube  containing  the  column  of  air.  The  difference  in 
the  quality  nf  the  tones  produced  by  pipes  of  different  materials  is  most  pr^^bably 
owing  to  a  very  feeble  vibration  of  the  materials  themselves. 
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Soooroos  YibnUions  are  produced  in  tubes  in  a  number  of  ways. 
1.  By  blowing  obliquely  into  the  open  end  of  a  tube,  as  in  the  Pan- 
dean pipe.  2.  By  directing  a  current  of  air 
into  an  ftibouchure,  or  near  the  closed  end  of 
the  tube.  These  tubes  are  called  mouth-pipes. 
3.  By  thin  vibrating  laminse  of  metal,  or  of 
wood,  called  reeds,  nr  by  the  vibration  of  the 
lips,  aeling  as  reeds.  4.  By  a  small  flame  of 
hydrogra  gas. 

380.  Month-pipes. — Fig.  290  represents 
the  embouchure  of  an  organ  tube,  fig.  291, 
that  of  a  whistle  or  flageolet.  In  these  two 
figurea  the  air  is  introduced  by  the  opening,  i 
(called  the  lumiire) ;  6  o  is  the  mouth,  of  which 
the  upper  lip  is  beveled.  The  foot,  P,  fig.  291, 
eonneets  the  pipe  with  a  wind-chest.  When  a 
rapid  eurrent  of  air  passes  through  the  inlet, 
it  eneoonters  the  edge  of  the  upper  lip,  which 

partiaUy  obetruole  it^  causing  a  shock,  so  that  the  air  passes  through 
6o  io  an  intermittent  manner.  These  pulsations  are  transmitted  to 
the  air  in  the  tabe,  making  it  vibrate,  and  producing  a  sound. 

In  ord«  to  have  a  pare  toaiTd,  there  mast  exut  a  certain  relation  between  the 
dimensions  of  the  l^w,  Uie  opening  of  the  month,  and  the  size  of  the  Inmi^re. 
Again,  the  length  of  the  tube  most  bear  a  certain  ratio  to  its  diameter.  In  those 
wind  instmments,  like  the  flate,  flageolet,  Ac,  in  which  Tarioos  notes  are  pro- 
daeed  by  the  opening  and  closing  of  holes  in  their  sides  by  means  of  fingers  or 
keys,  there  is  a  rirtaal  Tuiation  in  the  length  of  the  tnbe,  which  determines  the 
piteh  of  the  various  notes  produced.  The  number  of  Tibrations  depends  upon 
tiie  dimensions  of  the  tube  and  the  velocity  of  the  current  of  air. 

381.  Reed-pipes. — A  reed  is  an  elastic  plate  of  metal,  or  of  wood, 
attached  to  an  opening  in  such  a  manner,  that  a  current  of  air,  passing 
nito  the  opening,  causes  the  plate  to  vibrate.  This  vibration  is  propa- 
gated to  the  surrounding  air.  Reeds  are  found  in  hautboys,  bassoons, 
clarionets,  trumpets,  and  in  the  Jews-harp,  which  is  the  most  simpU 
instrument  of  this  species.  « 

Fig.  292  represents  a  reed  pipe,  mounted  on  the  box  of  a  bellows,  Q.  A  glass, 
B,  in  one  of  the  wails  of  the  tube,  allows  the  ribrations  of  the  reed  to  be  seen 
rbe  eaee,  H,  senres  to  strengthen  the  sound.  Fig.  293  represents  the  reed  sepa- 
rated from  the  tube.  It  is  eomposed  of  a  rectangular  ease  of  wood,  closed  at  its 
lower  end,  and  open  at  the  top,  at  a  point  o.  A  plate  of  copper,  c  c,  contains  a 
longitudinal  opening,  designed  to  allow  the  passage  of  the  air  from  the  tube,  M  N, 
through  the  orifice  o.  An  elastic  plate,  >,  almost  closing  the  aperture,  is  confined 
at  its  upper  end.  The  sliding  rod,  r,  curved  at  its  lower  end,  permits  the  regu- 
latkw  ejr  the  pHeh,  by  alterations  in  Uie  length  of  the  vibrating  part  of  the  plate. 

When  a  eaneat  of  air  passes  in  through  the  foot,  P,  the  reed  vibrates,  alter- 
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383.  Hnalcal  inBtroments.— The  principles  already  oKplained  iti 
ibis  cbftpter,  will  illDstrnte  Ihe  ppeulinr  power  of  the  Beveral  sorts  of 
musical  iniitrumcnts  in  common  use.  It  is  inconsistent  with  our  limited 
spnce  to  describe,  in  detail,  these  several  instruments.  Sucb  details 
belong  tu  a  tipecial  Iroalise  on  music.  Musical  inntrumente  are  grouped 
ohipdj,  under  the  heads  of  wind,  and  stringed  instruments,  and  thoM 
like  the  drum,  in  which  a  membrane  is  the  source  of  vibration 
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tii«frMM«ii/#  are  loanded,  either  with  an  emboac&nre,  like  a  flate,  or  with 
•eeda.  The  first  diriiion  ineludee  the  flute,  pipe,  flageolet^  Ac.,  and  in  the  second 
are  found  the  clarionet^  bassoon,  boms,  trombones,  Ac.  The  organ  also  is  a 
#ind  instvament,  and  is,  incomparably,  the  grandest  of  all  musical  instruments, 
as  its  power  and  mi^esty  is  without  parallel  in  instrumental  combinations. 

Stringed  inatrumenU  are  all  compound  instruments.  The  sounds  produced  bj 
the  Tibration  of  the  cords  are  strengthened  by  elastic  plates  of  wood,  and 
enelosed  portions  of  air,  to  which  the  cords  communicate  their  own  ribrations. 
They  are  yibrated  either  by  a  bow,  as  in  the  yiolin,  by  twanging,  as  in  the  harp, 
or  by  pereossion,  as  in  the  piano. 

DfHM*  are  of  three  sorts ;  the  common  regimental  or  snare  drum,  which  is  a 
cylinder  of  brass,  eovered  with  membrane,  and  beaten  on  one  end  only ;  the 
bass,  or  double  drum,  of  much  larger  dimensions,  and  beaten  on  both  heads ; 
and  thirdly,  the  kettle  drum,  a  hemispherical  Tcssel  of  copper,  covered  with 
TeUnm,  and  supported  on  a  tripod.  This  drum  has  an  opening  in  the  metallic 
ease,  to  equalise  the  yibrations.  They  all  depend,  of  course,  upon  the  vibration 
of  tease  membranes  (318). 

384.  Vibration  of  air  in  tubes. — Laws  of  Bemoolli. — The 
followiog  laws  of  the  Tibration  of  air  contained  in  tubes,  were  disco- 
vered by  Daniel  Bernoulli,  a  celebrated  geometrician  who  died  in  1782. 
We  may  divide  tabee  into  two  classes. 

a.  Tobes  of  which  the  extremity  opposite  the  mouth  is  closed. 

6.  Tabes  open  at  both  extremities. 

a.  Tubes  of  which  the  extremity  opposite  the  mouth  is  closed, 

1st.  The  same  tube  may  produce  different  sounds,  the  number  of 
vibrations  in  which  will  be  to  each  other  as  the  odd  numbers,  1,  3,  5, 
7,  Ac. 

2d.  In  tubes  of  unequal  length,  sounds  of  the  same  order  correspond 
to  the  number  of  vibrations,  which  are  in  inverse  ratio  of  the  length 
of  the  tubes. 

3d.  The  oolumn  of  air,  vibrating  in  a  tube,  is  divided  into  equal 
parts,  which  vibrate  separately  and  in  unison.  The  open  orifice  being 
always  in  the  middle  of  a  vibrating  part,  the  length  of  a  vibrating  part 
's  equal  to  the  length  of  a  wave  corresponding  to  the  sound  produced. 

6.  l\ibes  open  at  both  extremities. 

The  laws  for  tubes  open  at  both  extremities,  are  the  same  as  the  pr^ 
eeding,  excepting  that  the  sounds  produced  are  represented  by  the  series 
of  natural  numbers,  1,  2,  3,  4,  Ac, ;  and  that  the  extremities  of  the 
tobes  are  in  the  middle  of  a  vibrating  part.  Again,  the  fundamental 
sound  of  a  tube  open  at  both  extremities,  is  always  the  acute  octave  of 
the  same  sound  in  a  tube  closed  at  one  extremity. 

Domonstration. — If  the  column  of  air  eontained  in  a  tube  vibrates  as  a 

rtngle  wave,  the  number  of  vibrations  will  evidently  be  equal  to  the  velocity 

of  ioaad,  represented  by  V,  divided  by  the  length  of  the  tube,  L,  or  by  the 

V 
% aolMBi  —.    If  the  column  of  air  is  divided  into  a  number  of  segments,  each 
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fibrmting  cepantoly,  let  t  repreMDt  th«  length  of  on*  of  thiM  aogniMiti,  mad 

V 

flie  number  of  Tibrmtions  per  second  will  eridently  be  =  — . 

(a)  If  the  pipe  containing  tbe  colamn  of  air  is  stopped  at  both  ends,  there  will 
be  a  node  at  each  end.  L^t  n  represent  the  number  of  nodes  inelnding  the  two 
ends ;  the  number  of  vibrating  segments  will  be  a  —  1,  the  length  of  each  vibra- 

L 

ting  segment  will  be  /  = ,  and  tbe  nnmber  of  yibrations  per  aeeond  will  be 

V  V 

^  (m  —  !)•— »  in  which  we  may  substitute  for  n  any  nnmber  greater  thai 

V     Y     Y 

anity,  giving  the  series  of  possible  vibrations  1.—,  2y,  3~>  Ac 

Ms       Ms       It 

[h)  If  the  tube  is  closed  at  one  end,  that  end  must  be  regarded  as  a  node,  aid 
the  open  end  of  the  tube  as  the  middle  of  a  vibrating  segment.    ThersAMTi^ 

2(n  —  1)  -|-  I  =  2n  —  I  will  be  the  nnmber  of  half  segments,  and  will  bs 

the  entire  number  of  ribrating  segments  contained  in  the  length,  L,  and  the 

2a  — 1  Y 

number  •  if  vibrations  per  second  will  become  •-• 

2  Xr 

Substituting  for  n  the  integers  1,  2,  3,  Ac,  we  obtain  the  following  Mrias  «f 
vibrations  for  the  different  tones  of  the  pipe : — 

V  V        V 

If  the  pipe  is  open  at  both  ends,  as  before  let  a  be  the  nnmber  of  nodes.  The 
number  of  complete  ventral  segments  will  be  n  —  1,  and  there  will  be  a  half 
segment  at  each  end,  making  n  segments  in  the  length  X.     The  length  of  acorn* 

L 
plcte  segment  will  therefore  be  — ,  and  the  number  of  vibrations  per  seeond  is 

n 

V 
«-,  making  h  =  1,  2,  3,  Ac.     We  obtain  the  following  series  of  Tibrations  eor- 

responding  to  different  tones  of  the  pipe: — 

V  V       V 
l.-;2-;3.-,Ac 

The  series  of  vibrations  for  the  tones  produced  by  a  pipe  will  be  as  follows :— > 
In  a  pipe  open  at  both  ends,  or  closed  at  both  ends,     .     .     1,  2,  3,  4,  6,  Ae. 

In  a  pipe  open  at  only  one  end, i>  i»  i>  i>  f  ■  '^ 

In  the  latter  case  the  fundamental  note  is  an  octave  lower  than  when  both 
ends  of  the  tube  are  open,  or  when  both  ends  are  closed.  The  particular  tone 
that  a  pipe  will  produce  in  either  of  these  series  depends  on  the  strength  of  the 
blast 

385.  Construction  of  musical  instruments. — Practically,  the  end 
of  the  tube  where  sound  is  formed  is  never  entirely  closed,  and  asually 
the  embouchure  is  on  one  side  of  the  tube.  The  laws  of  BemooUi 
adapted  to  these  condi^ns  give  for  the  construction  of  musical  instru- 
ments the  following  practical  rules : — 

1.  The  lensrth  of  the  tube  is  equal  to  the  quotient  of  the  TehteitT  ^ 
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•oand  divided  bj  tbe  n amber  of  vibrations  and  diminiahed  bj  twice 
the  br^aiith  of  the  tabe. 

2.  The  number  of  vibrations  is  equal  to  the  quotient  of  the  velocity  of 
■oond^  divided  bj  the  length  of  the  tube;  increased  by  twice  its  breadth. 

3.  The  length  of  a  cylindrical  organ  tube,  flattened  at  the  embocbure, 
ia  equal  to  the  quotient  of  the  velocity  of  sound  divided  by  the  number 
of  vibrations,  and  diminished  by  five-thirds  the  diameter  of  the  tube. 
(CompUs  Bendus,  T.  L.  1860,  p.  176.) 

386.  Vibrating  danw. — Illustrations  of  the  vibration  of  air  in  tubes 
itfe  often  found  at  water&lls.  The  horiiontal  column  of  air  enclosed 
bshind  the  descending  sheet  of  water  is  rarefied  by  friction  of  the  water 
whieh  eairies  away  •  portioD  of  the  air,  and  the  external  air  rushing 
ia  ai  the  ridea  k  throwa  inio  vibrations,  which  are  often  so  perceptible 
at  to  endaoger  the  safely  of  persons  approaching  too  near  the  cataract. 

At  Um  iklU  of  Holyok«»  Mass.,  the  descending  sheet  of  water  has  a  breadth 
of  li06  ftot,  witb  a  fall  of  39  feet,  and  varying  from  5  feet  to  3  inches  thick. 
The  palsatkmt  of  the  air  mthing  in  behind  the  waterfall  vary  from  82  to  258 


fliys  Pffwftiinr  flasO,  wko  has  described  these  phenomena  at  length,*  <'At 
oiiO  ttaMy  wImb  I  witaoMod  the  comparatively  slow  oscillations  of  82  per  minute, 
I  was  imrm'Isod  bj  the  great  strength  of  the  current  of  air,  as  it  rushed  into  the 
opening  at  the  end  of  tko  dam.  I  could  not  venture  within  the  passage  through 
(he  pier,  leet  I  should  be  swept  in  behind  the  sheet ;  nor  could  I  stand  at  the 
•otranoo  of  tho  areb  without  bracing  myself,  by  placing  both  hands  on  the 
oomerfl."  TImoo  vibrations  are  shown  by  Professor  Snell  to  follow  tiie  laws  of 
Bomonlli  Ibr  tbe  vibration  of  air  in  tubes. 

{  4.  Tooal  and  Auditory  Apparatna. 

I.    or  V0IC£  AND  SPEECH. 

387.  Voice  and  apeech. — In  nearly  all  the  air-breathing  vertebrate 
animals,  there  are  arrangements  for  the  production  of  sound,  or  voices 
in  some  part  of  the  respiratory  apparatus.  In  many  animals  the  sound 
admitu  of  being  variously  modified  and  altered  during  and  after  its  pro- 
duction ;  and  in  man  one  of  the  results  of  such  modification  is  speech. 

388.  The  vocal  apparatna  of  man  consists  of  the  thorax,  the 
trachea,  the  larynx,  the  pharynx,  the  mouth,  and  the  nose,  with  their 
appeadages. 

Tho  rtorat,  by  tbe  aid  of  the  diaphragm  and  the  intercostal  muscles  actini; 
€9  the  laags  within,  alternately  oompressing  and  dilating  them,  performs  the 
pari  of  tho  bellows  producing  a  current  of  air  for  the  production  of  sound.  The 
iraekea,  or  the  toindpipt,  extending  from  tbe  larynx  to  the  lungs,  acts  as  a  tube 
to  convey  the  air  from  the  lungs  to  the  organs  more  immediately  corcemed  in 
tho  production  of  voice  and  speech.  The  larynx^  which  may  be  considered  as 
tho  mofieal  organ  of  the  voice,  corresponds  to  the  mouth-piece  or  that  part  of 
tbe  organ  tube  which  gives  the  peculiar  character  to  the  sound.     The  phanfnx 


•  Am.  Jour.  Set  [21  Vol.  XXVITI  p.  228. 


THE   TUREE   STATES   Of    MATTER. 
,  wbioh,  hy  Ihe  Twying  Tnti 


A  of  tha 


The  laiynx. — This  organ  is  composed  esMotiallj  of  Tour  cartiUges, 
cnllod  respeotiveljr  the  tliyroid,  crioold,  and  the  Iwo  arytenoid  oini- 
lages.  The  cavitj  ot  the  larynx  is  nearlj  closfd  by  Iwo  pair*  of  mem- 
branes, called  tbe  vocal  oordu,  Uie  opauing  between  which  is  called 
the  glottis.  lib 
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ou  the  throat  of  man,  viiible  eiteriarly.  and 
Talgarlj  called  Adam's  Apple.  Tbc  crkuid 
om-tilagi,  o^p,  lies  below  the  thyroiil  oariilagc, 
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The  ElottU. — A  clear  idea  may  be  obtained  of  tlin  f<irni    IT' 
and  uolion  of  tbe  gloltifi.  by  HupjuHiiug  two  pieces  of  ludla   ' 
rubbur  strotcbed  over  the  orifice  iif  a  tube,  ao  Umt  a  *mal\  fissure  la 
bBtwiea  l/iem,  fig.  206 
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389.  BCecIituiiam  of  tho  voice. — The  formatioD  of  aoaod  in  tha 
liu-jni,  as  hns  been  nlreadj  suggented,  is  pruducm)  by  the  vibration  of 
the  vocal  cQrde,  acting  ns  a  Bpeclee  of  membranuuH  ree<l,  under  tfa» 
indueace  of  air  frain  ihe  lungB.  The  gound  being  produced  an  in  urdi- 
oarj  reeds  (3S1)  bj  the  iotermilleDt  current 
offtir. 

The  gluttis  Ib  the  original  seat  of  the  sonnd, 
Bad,  oltbougb  other  parte  of  the  reapiratorj 
»p|utratUB  have  a  certain  influenoe  in  miHUfyin, 
tbe  tone,  the;  have  no  share  ivhaterer  in  tb 
producti'in  of  tbe  sounds,  or  \a  determiuinj 
their  pitch. 

When  at  rest,  tbe  tips  of  tba  glottis  ar 
wrinkled  and  plicated,  so  that  tbo  air  in  respi 
ration  pawiog  through  the  fissure  fails  to  pu 
tbe  meinbraneH  in  vibration.  But  as  tho  musi 
cian  tanes  his  instrument  b;  inureusing  r>r  di- 
minishing tbe  tODsioo  of  its  vibrating  strings,  si 
occurs  with  tbe  human  larynx.  Tho  two  conditions  of  tbe  glutlia  are 
beautifully  shown  by  the  two  partn  of  tig.  207,  from  MuUer.  Tbe 
upper  shows  tbe  organ  at  rest,  the  vuoal  cords,  e  c,  being  related,  while 
in  tbe  lower,  these  curds  are  shown  as  in  the  act  of  vibrating ;  the  smnll 
kir  passage,  o,  opening  into  the  trachea,  is  never  closed.  Wlien  sounds 
■re  li)  be  produced,  tbe  fissure  is  contracted  and  tbe  membranes  receive 
the  degree  of  lenaion  necessary  for  vibration.  The  sound  varies  accord- 
ing to  tbe  teosiun  of  the  meinhranes,  tlie  magnitude  of  tbe  Sssure,  and 
the  form  and  magnitude  of  the  psssagas  through  which  the  air  thus  pat 
into  vibration,  passes  before  it  issues  into  the  atmosphere. 

StH),  BangD  of  the  haman  voice, — In  speaking,  the  range  of  the 
haroan  voice  is  subjeut  ti>  but  very  little  variation,  beinj(  generally 
limited  to  half  an  octave.  The  entire  range  of  voice  in  an  ludividuulis 
rarely  three  octaves,  hut  (he  male  and  female  voice  t&ken  together  may 
be  considon<d  as  reaohing  to  four. 


;  like  this 
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There  are  two  kinds  of  male  yoices,  called  baas  and  tenor,  and  two 
kinds  of  female  voices,  called  contralto  and  soprano,  all  differing  from 
each  other  in  tone.  The  strength  of  the  bass  voice  is  in  general  greater 
on  the  low  tones  than  the  tenor.  The  contralto  is  also  stronger  on  the 
low  tones  than  the  soprano.  But  bass  singers  can  sometimes  go  Terj 
high,  and  the  contralto  frequently  sings  the  high  notes  like  soprano. 

The  essential  difference  between  the  bass  and  tenor  voicee,  and 
between  the  contralto  and  soprano,  consists  in  the  ton6  or  **  timbre'* 
which  distinguishes  them  even  when  they  are  singing  the  same  note. 
The  barytone  is  intermediate  between  bass  and  tenor,  and  the  meuo- 
soprano  is,  in  like  manner,  found  between  the  oontralto  and  soprano. 
These  two  qualities  of  voice  have  a  middle  position  as  to  pitch  in  the 
scale  of  male  and  female  voices. 

The  different  qualities  of  tenor  and  base,  and  of  alto  and  soprano  voiees^ 
probably  depend  on  eome  peculiarities  of  the  ligaments,  and  the  membranoas 
and  cartilaginoai  parictes  of  the  laryngeal  cavity  which  are  not  at  present 
understood.  We  may  form  some  idea  of  these  poouliartties,  by  recollecting  that 
musioal  initmmenti  made  of  different  materials,  «.  g,,  metallic  wires  and  gut- 
strings,  may  be  tuned  to  the  same  note,  but  that  eaoh  will  have  a  peculiar  qnali^ 
or  "  timbre." 

The  following  are  the  limits  of  the  different  classes  of  voice,  as  determined  by 
Cagniard  de  Latour,  Savart,  and  others,  the  numbers  annexed  being  the  nam- 
ber  of  double  vibrations  of  the  glottis  produced  in  a  second  of  time. 

704, 


o  (1056,  „  (930,  ^     ^    ,^ 

Soprano,  -     ^    '  Mezzo-soprano,  X  ^*  Contralto^ 

w  1W8,  -,       ,  (352,  -, 

'^*'**''      1181  Barytone,  |  j^^;  Basi, 


17«. 
220, 
82*5. 


391.  VentriloqaUm,  stuttering,  &c. —  VentriloquUm  ii  supposed  by 
many  investigators  to  consist  chiefly  in  the  use  of  inspiratory  sounds ;  this  li 
true  only  to  a  certain  extent  The  art  of  the  ventriloquist  depends  greatly  on 
the  correctness  of  ear  and  flexibility  of  organ,  through  which  common  tones 
are  modulated  to  the  position  and  character  in  which  the  imaginary  person  is 
supposed  to  speak  ;  other  means  often  being  used  to  heighten  the  deception,  as 
ooncealiug  the  face  that  the  play  of  organs  may  not  be  observed ;  often  in 
speaking  with  expiratory  notes,  the  air  expelled  by  one  expiration  is  distributed 
over  a  large  space  of  time,  and  a  considerable  number  of  notes. 

In  ttutteringf,  the  several  organs  of  speech  do  not  play  in  their  normal  sucoes- 
sioa,  and  thus  are  continually  interfered  with  in  convulsive  impulses  and  ineffl> 
eient  adjustments.  The  cause  of  this  result  lies  almost  wholly  in  the  nervoai 
apparatus  which  rules  over  the  organs  of  speech.  Important  remedial  means 
are,  to  study  carefully  the  articulation  of  the  difficult  letters,  to  praotioe  their 
pronunciation  repeatedly  and  slowly,  and  to  speak  only  when  the  chest  is  well 
filled  with  air. 

In  deaf  and  dumb  pertont  the  organs  of  speech  have  originally  no  essential 
defects.  The  true  cause  of  their  dumbness  lies  in  their  inability  to  pereeive 
sound.  The  impossibility  of  appreciating  the  several  sounds,  and  thus  gradu- 
ally acquiring  the  power  of  properly  adjusting  the  organs  of  speech,  is  tht 
chief  reason  why  the  second  infirmity  is  associated  with  the  first 
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392.  Prodaotion  of  soands  by  inferior  animals.  —The  sounds 
which  the  different  animals  produce  are  peculiar  to  the  class  to  which 
thej  belong ;  thus  the  horse  neighs,  the  dog  barks,  the  cat  mews,  &c. 
These  various  modifications  depend  on  the  peculiar  structure  of  the 
larjnx,  but  more  upon  the  form  and  dimensions  of  the  nasal  and  other 
cavities,  through  which  the  vibrating  air  passes. 

The  OAt  u  dUtinguished  from  other  mammifeni  by  the  almoet  eqaal  develop- 
Aeot  of  the  inferior  and  snperior  vocal  cords.  Many  of  its  notes  are  lUmoBt 
hanian.  The  horse  and  ass  are  supplied  with  only  two  voeal  eords.  Animals 
which  howl,  and  are  heard  at  great  distances,  have  generally  large  laryngeal 
ventricles. 


are  furnished  with  two  larjnx,  a  superior  and  inferior,  which 
serve  at  the  same  time  for  the  entrance  and  exit  of  air,  and  for  the 
purposes  of  vocalization.  The  upper  larynx,  which  oorresponds  to  the 
larynx  in  mammifers,  can  only  be  regarded  as  an  accessory  of  the 
voice.  The  lower  larynx  is  the  true  larynx ;  it  is  placed  at  the  lower 
part  of  the  trachea,  where  it  branches.  Those  birds  in  which  it  is 
absent  are  voiceless.  The  voice  of  birds  is  produced,  like  that  of  mam- 
mifers, by  the  vibration  of  the  cords  of  the  glottis. 

Inaects,  in  general,  produce  sounds  remarkable  for  their  acuteness. 
Their  sounds  are  produced  in  a  great  number  of  ways,  some  effecting 
it  by  percussion,  and  some  by  the  friction  of  exterior  homy  organs 
upon  each  other,  as,  for  example,  in  the  grasshopper.  In  others,  the 
swiftly  recurring  beatings  of  the  wings  produce  sounds,  as  with  the 
musquito.  Many  injects  produce  sound  by  the  action  of  some  of  their 
organs  on  the  bodies  around  them,  as,  for  example,  the  various  insects 
which  gnaw  wood.* 

II.    THB   BAR. — HEARING. 

393.  Anditory  apparatna  of  man. — In  the  ear,  impressions  are  not 
at  once  made  upon  the  sensory  nerve,  by  the  body  which  originates  the 
sensation,  but  they  are  propagated  to  it  through  the  medium  of  the 
atmospheric  air. 

The  organ  of  hearing  in  man  is  composed  of  three  parts :  the  exter- 
nal ear,  the  middle  ear,  or  tympanum,  and  the  internal  ear,  or  laby- 
rinth. 

The  external  ear  consists  of  (1)  the  pinna,  or  pavilion,  a,  fig.  298, 
which  collects  the  soniferous  rays,  and  directs  them  into  (2)  the  audi- 
tory canal,  or  meatus  auditorius,  6. 

The  pecaliar  form  of  the  pinna,  with  its  nnmerons  elevations  and  depressions, 
has  not  as  yet  been  satisfactorily  shown  to  be  related  to  the  principles  of 
•eonstics. 

The  aaditory  eanal  proceeds  inwards  from  the  pinna,  to  the  tympanum,  e 

*  See  Appendix*  p.  608. 
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Tha  middle  aar,  tympanum,  or  tympanic 
Mr  is  a  oavitj'  ia  the  tamporsl  bone  filled  with  nir 


ivlty.— The  middle 
nrl  >;iimewhnt  Itai.- 


•pharicn.  id  form ;  U  meosurea  ulwut  half  an  ioch  !□  ever;  directiun. 
It  otUads  from  the  tjopttauin,  c,  fig.  298,  to  o  and/i  tuid  eocluaeB  the 
ohaiD  or  bones,  cde/,  called  the  oanicla,  or  little  hones,  of  the  ear. 

Tlie  middle  ear  is  separated  from  the  auditorj  oanal  hj  a  thin  oval 
membrane,  the  meiabratta  lympani,  which  is  placed  obliquely  across  the 
cod  of  the  canal,  lit  an  angle  nf  about  -IS",  its  outward  plane  looking 
downwards  and  forwards. 

The  Eustachian  tube  is  a  membrnntius  canal  leading  from  the  anterior 
portion  of  the  middle  ear  downwnrdK  and  forwards  to  the  phnrynx.  with 
iB  bj  a  Tiilvular  opening  that  ic  genevallj  closed. 
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throsgh  Ibi  EuiUcbiui  lobs  iato  Ih«  middla  ur.     A  cold  oftun  impain  Iba 

A  chain  of  three  aaiall  bones,  the  ossiclcB  of  Uie  tyuipiLiium,  piiH»eB 
through  the  inlddle  e&r  from  the  niembraiia  Ijmpaiii  lo  ihn  eiiLnutce 
of  [he  inUrnftl  ear.  These  U>DeB  are  thuwu  separuted  frcim  eai'b  other 
in  fig.  299. 

Tha  m^eui,  or  huDTner-boiia,  m,  iha  iDODi.  or  utiI,  a,  B'ni  [he  tUpu,  or 
•tirnip,  (.     Thcf  bts  DDODMlad  xilb  aich  other  in  tuob  ■  muinur  2911 

lu  (a  klluw  of  iligbl  idotebicdIi.     Tbii  nhatD  of  boneg  in  iittvhcd        ^ 
■t  one  end,  ■■  is  ibowa  in  Bg.  298,  bj  the  budle  of  the  malleui,        Q       f^ 
lu  tba  tympuiiD  mcubrua,  und  it  tba  utber  by  tbo  fuot  uf  Ibo  ^<^       1^ 
■tirntp.  to  tba  nombntDo  or  tbe  taneatr*  oraJu.  Y         J 

■bich  Ibej  eonnHiM,  and  tbui  nodering  them  more  or  laii  lODii-  IC3 

tire  to  loDorous  unduUliaai. 

The  Internal  eai.  called,  from  its  uumplicateii  structure,  the  laby- 
rinth, hiis  iU  channeU  curved  nnd  eicavOilod  io  the  petrous  bone,  the 
hardest  of  ao;  io  the  body.  Th«  Inbyrioth  (woRists  of  three  ports ;  the 
vestibule,  the  ueaiiuirculai  canals,  and  the  cochlea. 

Tba  reitibule,  ij,  Kg.  298,  is  a  oaolnl  ohamber,  rormed  io  tba  patroiu  buns^ 
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394.  Fnuatlona  of  the  diffoieut  parts  of  the  eai. — 1.  The  niw 

uf  srmiid  passing  Into  tlie  I'xicriiul  ear,  aru  collected  and  dh'ucled  into 
lliH  nuJitury  uauitl.  and  Ktriko  upun  the  tyni;miiio  membriuie,  whiuh  ia 
thus  Ihruwn  iaui  vibratiua. 

2.  The  cbsio  of  boues  oonnectiDg  the  msmbrsDa  tjinpuni  with  the 
feiiestrti  ov&lia,  reueivea  the  vibrations  and  trauatnitii  ibein  to  the  vesti- 
bule through  the  uiembrane  whioh  covers  the  reneatra  ovaliis. 

3.  Vibrations  thus  ciclled  in  the  fliiiil  which  fills  the  labyrinth,  are 
leceived  by  the  expanded  Glametita  of  the  audibiry  nerve,  auii  the 
■eusation  of  sound  is  thus  transmitted  to  the  brain 
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the  atmoapberio  air  nnd  the  internal  ear.  \ 
animals,  wbere  honrlng  !■  leia  auuie  than  In  i 
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Tbe  souud  uf  a  tuniDg-forh,  or  other  sunnroD^  solid  body,  applied  10  the  teelli, 
ur  any  bone  of  the  bead,  is  beard  more  diilipoUy  than  whuo  liie  sound  is  ttans- 
mltud  to  the  ear  by  means  of  the  air  ;  it  has  tbsrer«re  been  eoneladnj  that  the 
eoohloa,  and  asperialty  tbe  lamina  aplralis,  faeiliiates  the  appreciation  uf  eueh 
loundi.  In  regard  lo  the  uae  uf  the  icmicirr'ulBr  canals,  tbe  opinions  of  pby- 
aiulugiats  are  as  yet  divided. 

Fur  roll  diieassioDS  of  the  fanstioni  of  different  parts  of  tbe  oar,  the  student 
it  roferrel  to  Carpentor'a  Pbysiulogy  snd  la  Ti>dd  A  Bowtnab's  Physiology. 

305.  Natiual   diapastin,— Cagninrd    de    Latour,   one    of  tlie    best 
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modom  authorities  in  acoustics,  satisfied  himself  that  he  heard  the 
■ouud  la  (A  of  the  musical  scale)  sounding  within  his  head  when  he 
agitated  it  from  side  to  side.  Mr.  Jobard  suggests  that  this  natural  la 
b  caused  bj  the  contact  of  the  malleus  against  the  incus  in  the  car,  a 
eontact  easily  made  by  a  rapid  movement  of  the  head,  the  neck  being 
iisembarrassed  of  clothing.     (Am.  Jour.  Sci.  [2]  XXVI.  97.) 

396.  Organs  of  hearing  in  the  lower  animals. — The  loophytes 
appear  to  be  wanting  in  the  sense  of  hearing,  and  no  special  auditory 
apparatus  has  been  discoTcred  in  insects,  although  they  do  not  appear 
to  be  altogether  insensible  to  sound.  In  the  moUusca,  the  organ  is  a 
sac,  filled  with  liquid,  in  which  the  last  fibrils  of  the  acoustic  nerve  are 
diffused,  or  a  nerre  fibril,  in  connection  with  a  little  stony  body  (an 
otolith),  included  in  a  sac  of  water.  These  animals  can  only  distinguish 
one  noise  from  another,  or  their  quality,  and  that  imperfectly,  and  have 
no  perception  of  musical  notes.  This  organ,  corresponding,  as  is  as- 
Biimed,  to  the  semicircular  canals,  increases  in  complexity  as  we  rise  in 
the  scale  of  being.  In  lizards  and  scaly  serpents,  the  ear  commences 
with  the  tympanic  membrane ;  and  there  is  added  a  conical  cochlea. 
As  we  pass  through  them,  the  plan  is  further  developed ;  the  tympanic 
cavity,  Eustachian  tube,  the  chain  of  bones,  &c.,  appear.  In  birds 
there  is  a  continued  improvement,  and  all  the  aerial  tribes  of  mammals 
have  external  ears,  while  a  full  development  of  all  the  auditory  parts  is 
reached  only  in  man. 


Problems  in  Aconstics. 


Velocity  of  Sound. 

163.  The  rambling  of  thander  was  heard  7^  seconds  after  the  corresponding 
Sash  of  lightning  was  seen  ;  what  was  the  distance  of  the  discharge  ? 

154*  Calealate  Uie  velocity  of  sound  in  air  at  a  temperature  of  W* ;  also  at 
4S®  below  sero  of  Fahrenheit's  scale. 

165.  What  time  would  be  required  to  transmit  sound  ten  miles  -r  the  waters 
of  •  quiet  lake  ? 

155.  In  what  time  would  sound  travel  a  distance  of  3|  miles  in  each  of  the 
following  subetaoees :  iron,  wood,  carbonic  acid,  hydrogen  gas,  vapor  of  alcohol 
at  140<>,  vapor  of  water  at  IbiP  ? 

157.  What  time  was  required  to  transmit  the  sound  of  the  explosion  of  the 
TolcMio  at  Si.  Vincent's  to  Demerara  (see  page  260),  supposing  the  sound  to 
have  travelled  in  the  air  alone? 

158.  At  what  distance  from  the  source  of  sound  must  a  reflecting  surface  be 
qiaeed  that  an  echo  may  be  heard  three  seconds  after  the  original  sound? 

159.  From  the  top  of  a  precipice  a  stone  was  let  fall,  and  after  5|  seconds  it 
was  heard  to  strike  the  bottom.     What  was  the  height  of  the  precipice  ? 

27* 
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100.  What  WM  the  disUtnee  of  the  met«or  which  wm  heard  at  Windaor  Caetta^ 
in  1783,  ten  minatos  after  it  disappeared,  asfaming  the  air  at  60°  F.? 

161.  An  observer  supposes  himself  in  the  range  of  a  distant  oannoD,  ih^^  report 
of  which  he  hears  19  seconds  after  seejng  the  flash;  how  soon  may  he  i^pre- 
hend  danger  from  the  ball,  supposing  it  to  fly  at  the  rate  of  a  mile  in  eight 
seconds  ? 

162.  The  flash  of  a  gun  throwing  shells  was  seen  due  east  from  the  obsenrer; 
after  throe  seconds  the  report  was  heard  ;  after  another  interval  of  three  seconds 
the  shell  was  seen  to  explode  40®  south  of  east,  and  the  explosion  of  the  shell 
was  heard  three  seconds  later ;  to  what  distance  was  the  shell  thrown  ?  and  what 

its  velocity  of  flight  ? 


Physical  Theory  of  Musio. 

163.  A  metallic  wire,  placed  upon  the  sonometer,  vibrates  300  times  in  a 
second;  by  how  much  must  its  length  be  diminished  that  it  may  make  370 
vibrations  per  second  ? 

164.  What  number  of  vibrations  per  second  are  required  to  give  the  note  G 1 
of  the  Italian  opera? 

165.  What  is  the  length  of  a  wave  in  air  when  an  instrument  sounds  E  3  of 
the  Berlin  opera? 

166.  What  are  the  relative  numbers  of  vibrations  required  to  form  the  notes 
E  and  D  sharp  ? 

167.  What  is  the  interval  between  C  sharp  and  D  flat  when  both  notes  aro 
correctly  sounded  ? 

168.  How  does  the  interral  of  four  perfect  fifths  differ  from  a  miyor  ^hird  in 
the  scale  two  octaves  above  the  key  note? 

169.  What  is  the  fractional  expression  for  the  chromatic  semitone?  What  for 
the  grave  chromatic  semitone  ? 

170.  What  is  the  number  of  beats  in  a  minute  formed  by  two  (ones  whoso 
vibrations  are  as  24  to  25,  when  the  higher  note  makes  750  vibrations  per  second  ? 

171.  Calculate  the  number  of  vibrations  per  minute  at  the  Holyoke  Falls,  for 
1,  2,  and  4  nodes  respectively,  the  breadth  of  the  dam  1008  feet,  the  enclosed 
column  of  air  being  entirely  open  at  both  ends. 

172.  Estimating  the  velocity  of  sound  at  340  metres  per  second,  what  number 
of  vibrations  per  second  will  be  produced  in  a  square  organ  tube  whoso  length 
is  1*13  metres  and  its  breadth  0*08  metres  ? 

173.  The  organ  of  the  church  of  Saint  Denis,  in  Paris,  is  taned  to  the  normal 
la  (A3)  of  880  simple  vibrations  per  second,  and  a  square  tube  9*566  metrei 
long  and  0*48  metres  broad,  wae  constructed  to  play  do^^  (O^j),  but  on  trial  U 
was  found  too  flat     What  alteration  of  its  length  would  correct  its  tone? 

174.  Calculate  the  respective  lengths  of  a  series  of  square  organ  tubes  to  play 
the  scale  commencing  with  C  1,  the  longer  tube  having  a  breadth  of  4  inohos, 
and  each  tube  in  the  ascending  scale  having  a  breadth  ^  of  an  inch  less  than 
the  preceding  ;  the  normal  la  being  reckoned  at  856  simple  vibrations. 

175.  Calculate  the  dimensions  of  a  series  of  cylindrical  organ  tubes  for  the 
scale  commencing  with  C  4,  the  longer  tube  having  a  diameter  of  1  inch,  «nd 
the  others  in  the  series  diminishing  regularly  in  diameter  by  |^  of  an  inch ;  the 
organ  to  be  tuned  as  in  the  last  example. 

176.  What  are  the  names  of  the  next  three  higher  notes  in  the  scale  nhich 
the  tube  playing  Q  4  in  the  last  example  would  give  by  sufflciently  ii 
the  strength  of  the  blast? 


PART  THIRD. 


PHYSICS  OF  IMPONDERABLE  AGENTS. 


UQHT,  HEAT)  AND  ELECTRIOITT. 


CHAPTER  I. 

LIGHT,  OR  OPTICS. 

2  1.  General  Properties  of  Light. 

397.  Optics. — Light. — Optics  (from  the  Greek  verb  oTcrofiat,  to  see) 
is  that  braDch  of  physical  science  which  treats  of  the  nature  and  pro- 
perties of  light. 

Light  is  a  mysterious  agent,  acting  upon  the  organs  of  vision,  and 
imparting  to  us  a  knowledge  of  external  things.  It  brings  us  into 
relation  with  surrounding  objects,  enlarging  the  sphere  of  our  habita- 
tion, in  a  measure  annihilating  distance,  unfolding  to  us  the  beauties 
of  nature,  and  acting  as  a  perpetual  source  of  enjoyment. 

398.  Nature  of  light. — Theories. — In  regard  to  the  nature  of 
light,  a  great  diversity  of  opinion  has  prevailed  among  philosophers. 

(a)  Corpuscular  theory, — Sir  Isaac  Newton  maintained  that  the 
phenomena  of  light  are  produced  by  luminous  corpuscles  thrown  off 
from  burning  bodies,  each  particle  producing,  in  its  flight,  vibrations 
in  the  surrounding  ether  similar  to  the  waves  produced  by  a  stone 
falling  into  the  water. 

(6)  UnduUUory  theory, — Iluyghens  maintained,  in  opposition  to 
Kewton,  that  light  consisted  solely  of  vibrations  in  an  ethereal  medium, 
without  the  onward  progress  of  any  substance  whatever.    This  theory 

(291) 
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has  been  inTestig^ated  and  defended  by  many  of  the  ablest  philosophers : 
by  Yuung,  Mains,  Fresnel,  Brewster  and  others,  and  b  now  generally 
received. 

The  undulations  producing  the  phenomena  of  sound  take  place  in 
the  same  direction  that  the  sound  itself  moves ;  but  the  vibrations  of 
light  are  supposed  to  move  at  right  angles  to  the  direction  in  which 
light  is  propagated.  It  is  difficult  to  explain  all  the  phenomena  of  light 
even  on  this  theory. 

(c)  An  osciUaiory  theory  of  light  has  been  proposed  by  Mr.  Rankine, 
of  Glasgow.*  In  this  theory,  the  particles  of  luminiferous  ether  are 
supposed  to  rotate  on  their  axes,  by  the  influence  of  a  species  of  mag- 
netic force,  which  is  wholly  destitute  of  effect  in  producing  resistance 
to  compression,  so  that  it  is  no  longer  necessary,  as  in  the  undulatory 
theory,  so  suppose  the  luminiferous  medium  to  have  the  properties  of 
an  elastic  body.  The  same  mathematical  formulsQ  are  employed,  with 
this  hypothesis,  as  for  the  undulatory  theory.  Whether  this  theory  can 
be  applied  to  explain  all  the  phenomena  of  physical  optics,  remains  to 
be  proved. 

399.  Sources  of  light. — Phoaphoreacence. — The  sources  of  light 
are  the  sun  and  stars,  heat,  chemical  combinations,  phosphorescence, 
and  electricity. 

We  know  not  the  real  cause  of  the  light  emitted  by  the  sun  and 
stars,  but  we  know  that  bodies  become  luminous  at  a  high  temperature, 
and  shine  more  vividly  in  proportion  to  the  intensity  of  the  heat,  from 
which  we  are  accustomed  to  suppose  that  heat  and  light  are  only  modi- 
fications of  one  and  the  same  cause.  Artificial  lights  depend,  in  general, 
upon  combustion,  or  the  union  of  the  oxygen  of  the  air  with  burning 
bodies.  This  chemical  action  is  attended  with  the  disengagement  of 
considerable  heat  as  the  burning  body  becomes  luminous.  Other  chemi- 
cal combinations  are  attended  with  light,  and  it  is  doubtful  whether  any 
bodies  become  luminous  without  chemical  action  of  some  kind. 

The  term  phosphorescence  is  given  to  a  pale  light  emitted  in  the  dark 
by  certain  substances  which  do  not  appear  to  emit  any  sensible  heat 
Phosphorescence  has  been  observed  in  animals,  vegetables,  and  even  in 
minerals.  During  the  heat  of  summer  the  glow-worm  and  fire-fly  emit 
a  brilliant  light. 

In  tropical  regions  phosphorescent  insects  are  very  numerous.  The 
waters  of  the  ocean,  especially  in  warm  latitudes,  are  often  covered 
with  little  animalcules  which  become  luminous  at  night  when  the  water 
is  agitated,  shining  in  the  wake  of  a  vessel  like  a  track  of  living  fire. 


*  See  transactions  of  the  British  Association  for  186S,  p.  9. 
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In  certain  circumstances  also  rotten  wood  and  decaying  flesh  become 
phosphorescent.  By  friction,  or  by  long  exposure  to  the  rays  of  the 
sun,  certain  minerals,  as  the  diamond,  white  marble,  and  fluor  spar, 
acquire  the  property,  it  is  said,  of  shining,  for  a  brief  period,  in  the 
dark.  The  cause  of  phosphorescence  is  not  known,  but  in  some  coses 
it  appears  to  depend  upon  electricity. 

Electricity  is  a  source  of  light  so  intense  that  its  brightness  is  equal, 
in  some  cases,  to  one-fifth,  or  even  one- fourth  that  of  the  sun. 

400.  Relation  of  different  bodies  to  light. — All  bodies  are  either 
luminous,  transparent,  translucent,  or  opaque. 

(a)  Luminous  hodi^M  are  those  in  which  light  originates,  as  the  sun, 
and  burning  bodies. 

(6)  Transparent  bodies  allow  light  to  pass  freely  through  them,  thus 
permitting  the  form  of  other  bodies  to  be  distinctly  seen  through 
them.  Such  are  water,  air,  and  polished  glass.  Such  HubHtanceN  are 
also  said  to  l)e  diaphanous  (from  dia^  through,  and  ^acVu;,  to  shine). 

(c)  Translucent  bodies  permit  only  a  portion  of  light  to  pass,  and  in 
so  irregular  or  imperfect  a  manner,  that  the  outline  of  other  bodies 
cannot  be  clearly  seen,  an  rough  glass  and  oiled  paper. 

(d)  Opaque  bodies  are  those  which  do  not  ordinarily  allow  any  light 
to  pass  through  them,  as  wood  and  the  metals.  But  all  bodies,  even 
the  metals,  may  be  made  so  very  thin  as  to  become  partially  transparent 
or  translucent.  Opacitj/  is  not  absolute  in  metals,  as  is  proved  in  the 
case  of  gold-leaf  on  glass,  through  which  a  beautiful  violet-green  light 
is  seen.  This  light  is  found  by  optical  experiments  to  be  truly  trans- 
mitted light,  and  not  a  color  caused  by  the  minute  fissures  of  the  gold- 
leaf.  It  is  worthy  of  remark,  that  this  greenish  color  is  complementary 
to  the  red,  which  is  the  color  of  gold  when  8een  by  successive  reflections. 

401.  Rays,  pencils,  and  beams  of  light. — A  single  line  of  light 
is  called  a  ray.  A  jtencil  of  light  is  a  collection  of  rays  diverging  from 
a  common  source,  or  converging  to  a  point.  A  beam  of  light  is  a 
collection  of  parallel  rays.  Diverging  rays  are  those  which  gradually 
separate  from  each  other.  Converging  rays  are  those  which  tend  tc 
meet  in  a  common  point ;  hence  we  have  the  terms  301 
diverging  pencils,  and  converging  pencils  of  light. 

402.  Visible  bodies  emit  light  from  every 
point  and  in  every  direction,  the  rays  diverging 
from  each  point  in  right  lines.  ^ 

Let  ABC,  fig.  301,  be  three  points  in  anj  visible  object ; 
from  each  of  these  points,  light  is  emitted  in  diverging 
[lADo'ls,  M  partially  represented  in  the  figure. 

In  tbU  figure  certain  points  are  seen,  where  rays  from  ABC  cross  each  other 
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and  betwooD  them  are  yacant  spacee.  No  such  vaoant  spaces  «xist»  bot  tli« 
rays  from  all  points  in  the  object  are  crossing  each  other  at  every  point  in  the 
space  where  the  object  is  visible. 

403.  Propagation  of  light  in  a  homogeneous  mediuin. — A  me- 
dium is  soinething  existing  in  space,  capable  of  producing  phenomeDa. 
A  medium  is  culled  luminiferoua^  which  is  capable  of  transmitting 
light;  and  it  is  said  to  be  homogeneous  when  the  composition  and  density 
uf  all  its  parts  are  the  same.  All  space  is  supposed  to  be  pervaded  by 
a  luminiferous  medium,  called  luminiferous  ether,  and  yet  the  particles 
of  this  ether  may  act  upon  each  other  at  great  distances.  In  a  homo- 
geneous medium,  light  always  moves  in  straight  lines.  If  any  opaque 
body  is  placed  iu  a  direct  line  between  the  eye  and  a  luminous  body, 
the  light  is  intercepted. 

When  light  enters  a  dark  chamber  by  a  very  small  opening,  the 
course  of  the  light  becomes  visible  by  illuminating  the  fine  particles  of 
dust  always  floating  in  the  air.  Rays  of  sun-light  are  thus  easily 
demonstrated  to  move  in  straight  lines. 

404.  Velocity  of  light. — Light  travels  with  such  amazing  velocity, 
that,  for  any  distances  on  the  surface  of  the  earth,  the  time  occupied  in 
its  passage  from  one  point  to  another  is  totally  inappreciable  by 
our  unaided  senses. 

Id  1676,  Roemer,  a  Danish  astronomer,  observed  that  the  eclipses  of  the  fir»t 
satellite  of  Jupiter,  which  occur  at  uniform  intervals  of  time  when  the  earth  ia 
moving  in  that  part  of  her  orbit  nearest  to,  or  most  remote  from  Jupiter,  are 
constantly  retarded  when  the  earth  is  moving  from  that  planet,  and  as  regularly 
accelerated  when  the  distance  between  the  earth  and  Jupiter  is  diminishing. 
He  found  that  when  the  earth  was  in  that  part  of  her  orbit  most  distant  from 
Jupiter,  the  eclipses  of  the  first  satellite  take  place  16  m.  368.  later  than  when 
in  the  opposite  part  of  her  orbit. 

By  this  means  the  velocity  of  light  was  ascertained  to  be  about  192,000  miles 
in  a  second.  302 

Foacault's  apparatus 
for  measuring  the  velo- 
city of  light.— Notwith- 
standing the  prodigious 
velocity  of  light,  M.  Fou- 
cault  has  succeeded  in 
measuring  it,  by  employing 
a  revolving  mirror,  accord- 
ing  to  the  method  devised  by 
Wbeatstonc  for  measuring 
the  velocity  of  electricity.  In  di  scribing  this  apparatus,  we  shall  sup- 
pose the  properties  of  mirrors  and  lenses  to  be  already  understood. 

The  apparatus  of  M.  Foucault  is  represented  in  fig.  302.     The  ihatt«r  of  a 
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dark  chamber  in  pierced  with  a  square  opening,  K,  behind  which  a  fine  platinnm 
wire,  o,  is  stretched  vertically.  By  means  of  a  mirror,  a  beam  of  solar  light  is 
made  to  enter  the  chamber,  and  being  divided  by  the  platinum  wire,  it  falls  upon 
an  achromatic  lens,  L,  of  long  focus,  placed  at  a  distance  from  the  platinum  wire 
less  than  double  the  distance  of  its  principal  focus.  The  image  of  the  platinum 
wire  would  be  formed  in  the  axis  of  the  lens,  somewhat  enlarged.  But  the 
beam  of  lights  after  passing  the  lens,  falls  upon  the  plane  mirror,  m,  which 
revolves  with  great  velocity,  and  being  reflected  by  it,  an  image  of  the  platinum 
wire  is  formed  in  space,  which  image  is  displaced  with  an  angular  velocity, 
double  the  velocity  of  the  mirror.*  This  image  is  received  by  a  concave  mirror, 
M,  BO  fixed  that  its  centre  of  curvature  coincides  with  the  axis  of  rotation  of 
the  revolving  mirror,  m.  The  pencil  reflected  by  the  mirror,  M,  returns  back- 
ward and  is  again  reflected  by  the  mirror,  m,  and  passes  back  through  the  lens, 
L,  and  forms  an  image  of  the  platinum  wire,  coinciding  with  the  wire  itself,  if 
the  mirror,  m,  revolves  slowly.  In  order  to  view  this  image  without  obscuring 
the  pencil  of  light  which  enters  the  chamber  by  the  opening  K,  a  piece  of  plate 
glass,  y,  with  parallel  faces,  is  placed  between  the  lens  and  the  platinum  wire, 
inclined  in  such  a  manner  that  the  rays  reflected  fall  upon  a  powerful  eye-glass, 
P.  If  the  mirror,  m,  remains  stationary,  or  if  it  revolves  slowly,  the  returning 
ray,  M  m,  falls  upon  the  mirror,  m,  in  the  same  position  it  occupied  at  the  first 
reflection,  and  returning  in  the  direction  it  came,  it  meets  at  a  the  plate  glass, 
y,  and  is  partially  reflected,  and  forms  in  (/,  at  a  distance  a  d,  equsJ  to  a  o,  an 
image  which  ii  seen  by  the  eye  by  means  of  the  eye-piece,  P. 

The  revolving  mirror,  m,  causes  this  image  to  be  repeated  at  each  revolution, 
and  if  the  velocity  of  rotation  is  uniform,  the  image  does  not  change  its  position. 
When  the  velocity  does  not  exceed  thirty  revolutions  per  second,  the  successive 
appearances  of  the  image  are  distinct,  but  when  the  velocity  is  greater,  the 
impressions  upon  the  eye  are  continuous,  and  the  image  appears  constant. 

When  the  mirror,  m,  revolves  with  great  rapidity,  its  position  is  sensibly 
changed  during  the  interval  occupied  by  the  light  in  passing  from  m  to  M,  and 
back  again  from  M  to  m,  and  the  returning  ray,  after  reflecti(^n  by  the  mirror,  m, 
taketf  the  direction  m  6,  and  forms  an  image  in  t ;  thus  the  image  has  deviated 
from  d  to  t.  Strictly  speaking,  there  is  some  deviation  even  when  the  mirror 
turns  slowly,  but  it  is  appreciable  only  when  it  has  acquired  a  certain  magnitude, 
by  making  the  rotation  of  the  mirror  sufficiently  rapid,  or  by  taking  the  distance, 
M  M,  sufficiently  great.  By  means  of  the  deviation  in  the  position  of  the  image 
and  the  velocity  of  rotation,  the  time  required  for  the  light  to  pass  from  m  to  M, 
and  back  again,  becomes  known,  making  I  =  M  m,  T  =  L  m,  r  *=  0  L,  n  »  the 
number  of  revolutions  per  second,  D  =»  the  absolute  deviation  <2 1,  and  y  = 
the  velocity  of  light  per  second.  M.  Foncault  obtained  the  following  formula 
for  the  velocity  of  light, 

SytPnr 

*  To  demonstrate  this,  let  m  a,  fig.  303,  be  the  revolving  mirror,  0,  an  object 
placed  before  it,  and  forming  its  image  at  0' ;  when  the  mirror  arrives  at  the 
poeition  m'  n*,  the  image  will  be  formed  at  0".  But  the  angles,  0'  0  0'',  and 
mem'  are  equal,  because  their  sides  are  perpendicular  to  each  other.  But  the 
inscribed  angle  0'  0  0"  is  measured  by  half  the  arc  0'  0",  and  the  angle  mem\ 
is  meatnred  by  the  entire  arc  m  m' ;  hence  the  arc  0'  0",  is  double  fn  m',  which 
thfu  demonstrates  that  the  angular  velocity  of  the  image  is  double  the  angular 
reloeity  of  the  mirror. 
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In  the  experiinents  of  M.  Foocaalt,  m  M,  wm  only  about  foar  yai  Is,  bat  bj 
giving  the  mirror,  m,  a  velocity  of  600  or  800  revolutions  per  second  he  obtaiiMil 
a  deviation  of  from  eight  one-hundredths  to  twelve  one-hundredths  of  an  inch. 
Owing  to  the  vibration  of  the  apparatus  revolving  with  such  great  rapidity,  the 
results  yet  obtained  by  this  method  for  the  absolute  velocity  of  light  aro  not 
considered  as  entirely  correct,  although  of  the  highest  interest. 

Kxperimonts  have  been  made  with  the  same  apparatus  to  determine  the  Telo- 
city of  light  in  liquids  as  compared  with  the  velocity  in  air.  For  this  purpose 
a  tube,  A  B,  three  yards  long,  is  tilled  with  distillod  water,  or  any  other  liquid, 
and  placed  between  the  revolving  mirror,  m,  and  the  concave  mirror,  M',  similar 
to  M.  The  rays  of  light  reflected  by  the  revolving  mirror  in  the  direction 
IN  M',  pass  twice  through  the  column  of  fluid  in  the  tube,  A  B,  before  returning 
to  the  mirror,  V.  The  returning  ray  is  reflected  at  c,  and  forms  an  image  at  k. 
The  deviations  of  the  rays  which  traverse  the  liquid  are  greater  than  the  devia- 
tion of  the  rays  which  are  propagated  in  air  alone,  which  shows  that  the  velo- 
city of  light  in  fluids  is  less  than  in  air. 

Fiseau^S  method. — Another  method  of  direct  determination  of  the  velo- 
city of  light  has  been  devised  by  M.  Fiseau,  of  Paris,  in  1849.  An  exposition 
of  this  method,  by  Prof.  A.  Caswell,  will  be  found  in  the  Smithsonian  Report 
for  1858,  p.  130. 

Results. — From  these  and  other  methods  the  velooity  of  light  has 

been  determined  to  be   in   air  192,000  miles  per  second;   in  water 

144,000  miles ;  in  glass  128,000  miles ;  and  in  diamond  77,000  miles. 

405.  No  theory  of  light  is  entirely  satisfactory. — In  the  cor- 
puscular theory  of  light,  advocated  by  Newton,  it  was  supposed  that 
fluids  and  solids  attracted  the  light,  and  refraction  was  explained  bj 
supposing  that  light  moves  faster  in  dense  bodies  than  in  air,  as  is 
known  to  be  the  case  in  regard  to  sound.  According  to  the  undulatory 
theory,  it  is  known  that  transverse  waves  or  undulations  must  move 
slower  in  dense  bodies  than  in  rarer  media. 

The  discovery  of  Foucault,  as  just  explained,  that  light  actually 
moves  slower  in  denser  media,  tends  to  confirm  the  undulatory  theory. 

The  immense  power  of  resisting  compression  which  a  medium  ought 
to  possess,  in  order  to  transmit  transverse  vibrations  with  a  velocity  so 
much  greater  than  the  motions  of  the  swiftest  planets  or  comets,  is  an 
objection  against  the  undulatory  theory  that  has  not  yet  been  satisfac- 
torily answered. 

The  discussion  of  the  theories  of  light  belongs  to  the  higher  departments  of 
mathematics. 

406.  Properties  of  light. — (a)  Absorption. — Light  falling  upon  any 
substance  is  either  absorbed,  dispersed,  reflected,  or  refracted.  A  part 
of  the  light  disappears  and  is  said  to  be  absorbed;  as  when  light  falls  upon 
black  substances.  No  substances  absorb  all  the  light,  for  the  fact  that 
the  blackest  substance  is  still  visible,  shows  that  its  different  parts  emit 
some  of  the  light  which  they  receive. 
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(6)  Dispersion, — Light  falling  apoo  opaqae  bodit«,  caases  them  to 
bucume  laminous,  or  to  emit  light  in  all  directions,  and  thus  become 
Tisible.  Such  bodies  are  said  to  disperse  light,  because  they  scatter  the 
light  in  all  directions  from  which  they  are  visible. 

Bodies  owe  the  property  of  dispersing  light  to  the  ijinumerable  little 
fSftcets  of  the  particles  composing  their  rough  surfaces.  Only  part  of 
the  light  is  thus  irregularly  reflected  or  dispersed,  while  much  of  it  is 
probably  absorbed  or  destroyed. 

(e)  Reflection. — When  light  falls  upon  polished  surfaces,  or  on  bodies 
having  naturally  smooth  and  uniform  surfaces,  it  is  thrown  off  in  a 
regular  manner,  as  a  ball  rebounds  from  a  hard  floor. 

If  a  ray  of  light,  S  A,  fig.  304,  falls  apon  a  polished  surface,  B  C,  it  will  be 
reflected  in  the  direction  A  R.  If  N  A  is  drawn  perpendicular  to  B  C,  S  A  N 
will  be  the  angle  of  incidence,  and  N  A  R  will  be  304 

the  angle  of  reflection,  and  the  two  angles  will  be 
eqaal.  The  linee  8  A,  NA,  and  A  R,  will  lie  in 
the  same  plane;  we  have  therefore  the  following 
rules : — 

Ist.  The  inddtnt  ray,  the  perpendiculnr  at  the 
point  of  ineideHcef  atid  the  rejUctcd  ray,  are  all  liiunted  in  the  tame  plane. 

2d.    The  angle  of  incidence  and  the  angle  of  rrjleciimi  are  equal. 

(d)  Refradion. — If  a  straight  rod  is  placed  obliquely,  partly  in  - 
mersed  in  water,  it  appears  broken  or  bent  just  where  it  enters  the 
water.     If  a  coin,  a,  fig.  305,  is  placed  in  a  305 

cup,  in  such  a  position  that  it  is  just  hidden 
from  view,  and  water  is  then  gently  poured 
into  the  cup,  the  coin  will  appear  to  be  lifted 
up  and  will  become  visible. 

Let  c  d  be  the  surface  of  the  water,  the  ray,  a  6, 
is  so  bent  or  refracted,  at  the  surface  of  the  water, 
that  the  coin  appears  as  if  placed  at  a'. 

This  bending  of  the  rays  at  the  surface  of  any  transparent  medium  is  called 
refraction. 

Let  C  B,  fig.  306,  be  the  surface  of  water  in  a  vessel, 
8  A  a  ray  of  light  incident  at  A,  and  N  A  N'  the  per- 
pendicular, A  R  the  reflected  ray,  and  A  T  the  direc- 
tion of  the  ray  which  enters  the  water  and  is  re- 
fracted ,'  then : — 

The  angle  8  A  N  is  called  the  angle  of  incidence  of 
the  ray  6  A.  The  angle  N  A  R  is  called  the  angle  of 
fe/Udion,  which  is  in  all  cases  equal  to  the  angle  of 
incidence.  The  line  N  A  N',  is  called  the  normal. 
The  angle  T  A  N'  is  called  the  angle  of  refraction. 

If  we  take  A  a,  fig.  307,  equal  to  A  6,  and  draw 
t  M  and  6  w,  each  perpendicular  to  N  A  N',  then  a  m  is  the  nine  of  the  angle  of 
'itaiiUmce,  and  b  n  i»  the  »ine  of  the  angle  of  refraction,  and  a  m  divided  by  6  n 
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U  invariably  the  fame  Tor  any  giren  medimii,  whether  the  angle  of  InaideDcv  it 

inereaeed  or  diminiahed.     The  quotient  obtained   67 

dividing  am  by  6  n.  is  called  the  index  0/  re/ractitm, 

and  it  is  rvprvtwutvd  by  a.     The  index  of  relVaetion 

Tarios  for  different  modia ;  thus  for  light  passing  from 

air  into  watvr.  it  is  about  },  for  light  passing  from  air 

\uto  glassp  alM»ul  J.  and  about  |  when  light  passes  from 

%\T  into  diamond.     These  fractions  inrerted  giTe   the 

Index  of  rvfraotiou  for  light  passing  out  of  water,  glass, 

and  diamond,  iuto  air. 

When   ligiit  passes  from  a  rare  to  a  denser 
medium,  it  is  refracted  towards  the  perpendicular 
or  noruiul,  and  when  it  passes  from  a  dense  to  a  rarer  medium,  it  is 
refracted  from  the  perpendicular  or  normal. 

The  ^neral  law  of  the  refraction  of  light  is  thus  stated.  •  The  md^ 
dent  raj/,  the  refracted  rat/,  and  the  perpendictdar  to  the  re/iracHug  ntrface 
at  the  pttint  of  incidence,  lie  in  the  same  plane;  and  the  sine  of  ike  angU 
of  incidence  bears  a  constant  ratio,  in  the  same  medium,  to  the  sine  ofths 

angle  of  refraction  ; 

am 

or,     — -  -=  n. 

on 

When  a  ray  of  ordinary  daylight  or  sunlight  is  refraoted  by  a  dense  trans- 
parent uiedium,  the  refracted  light  id  not  confined  to  a  single  line,  bat  it  is 
spread  out  iuto  a  fan-like  form,  as  shown  in  fig.  308, 
between  A  r  and  A  r,-and  the  different  parts  of  the 
refraoted  pencil  show  different  colors,  the  most 
strougly  refraoted  part  being  violet,  and  the  least 
refra<*ted  part  being  red.  The  index  of  refraction,  for 
a  single  color,  is  uniform  for  any  given  medium ;  but 
the  index  of  refVaction  in  the  same  medium  varies  for 
differently  colored  light. 

407.  Amount  of  light  reflected  at  differ- 
ent angles  of  incidence. — When  light  falls 
upon  a  transparent  medium  perpendicular  to  its  surface,  nearly  all  the 
light  enters  the  medium,  and  only  a  small  portion  is  reflected.  As  the 
light  falls  more  and  more  obliquely  upon  the  medium,  the  amount  of 
light  refracted  diminishes,  and  the  amount  reflected  increases. 

If  we  look  at  the  image  of  the  sun  in  water  at  midday,  and  again  near  tantet^ 
we  shall  nee  a  remarkable  differenf*e.  Near  sunset  the  image  is  so  briUiant,  the 
eyes  can  coarcely  bear  to  look  at  it,  while  at  midday  we  obserre  it  without  diff> 
culty.  The  image  of  objects  at  a  little  distance  are  seen  in  water  more  distinetlj 
than  the  images  of  near  objects,  because  the  light  from  distant  olrjeots  fisUs  more 
obliquely  upon  the  water  and  a  greater  amount  is  reflected. 

If  we  look  very  obliquely  at  a  sheet  of  white  paper,  placed  before  a  candle,  an 
image  of  the  flame  may  be  seen  reflected  from  the  snrfkee  of  the  paper,  bat  the 
Image  disappears  when  the  rays  fkll  upon  the  paper  nearer  to  tiie  perpeadieular 


308 


0PTI08. 


299 


\rhen  light  falls  upon  any  polished  metallic  surface,  the  greatest 
amount  of  reflection  takes  place  when  the  incident  rays  are  perpen- 
dicular to  the  surface,  and  the  amount  of  light  reflected  diminishes  as 
the  angle  of  incidence  increases. 

Different  sabstaQces,  polished  with  equal  care,  differ  in  their  power  of  reflect 
ing  light.     The  amoant  of  light  reflected  depends  also  upon  the  nature  of  the 
medium  in  which  the  reflecting  body  is  placed.     Bodies  immersed  in  water 
reflect  less  light  than  in  air. 

Fabit  thoteing  tht  nHmber  of  ray 9  of  light  reflected  out  of  100  rajft  inetdentf  by 
different  kind*  of  gUutt  and  metal*  utedfor  optical  purpote*.* 
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408.  Internal  reflection. — When  light  passes  through  a  transparent 
medium,  a  portion  of  the  light  is  reflected  at  each  surface. 

In  fig.  309,  S  A  is  a  ray  of  light  incident  apon  the  first  surface  of  a  trans- 
parent medium.     A  portion  is  reflected  in  A  R.     A  T  is 
T  y  the  emergent  ray,  but  a  portion  of  the  light  is  re- 
fleeted  at  the  second  surface  in  the  direction  T  A',  of      .«ji 
which  a  part  emerges  in    the  direction  A'  R',  a  part  ^. 
suffers  a  second  reflection  downward  from  A',  a  part   r 
emerges  from  the  second  surface,  and  another  portion  / 
suffers  successire  internal  reflections  before  it  is  either  ^ 
lost  by  absorption  or  finally  emerges  on  one  or  the  other 
side  of  the  medium.     In  general  only  the  rays  A  R, 
T  V,  and  A'  R',  have  sufficient' intensity  to  be  visible  to  the  naked  eye. 

409.  Total  reflection. — When  light  passes  from  a  dense  to  a  rarer 
medium,  the  angle  of  refraction  is  greater  than  the  angle  of  incidence, 
and  when  the  angle  of  refraction  is  90°,  the  angle  of  incidence  is  much 
less.     For  water  it  is  48°  Zy,  for  ordinary  glass  it  is  41°  49'^,  conse* 
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quentlj  a  raj  of  light  CrsTeraing  wnt«r  or  gloss  at  greater  oDglea  canoot 
MHiape  into  the  air,  but  is  loliiUi/  reflccUd,  iibejing  tLe  ordinarj  )iiw  of 
reflectiuQ.  The  proportion  oT  liglil  Huflering  internal  reflection  froni  a 
surface  of  gloM  or  water,  cuDHtantl;  increases  frum  the  perpeodicular 
to  tlie  poiol  where  total  reflection  lakes  place. 

Binoe  the  ugle  of  IncldeDco  for  ■  daD»  midiura  ii  Blnajt  greaMr  thu  tlia 
■ngla  of  refrutioD,  whan  the  angle  of  incidenoe  ia  S0°  tba  aDgle  of  refriclion 


Fig.  310  tboDa  ligbt  ruJii 
tb«  lurface  of  water  and  tf. 


the  augle  of  total  ndertion  U 

410.  IrTOBular  teQectlon.— Diffuse tl  lielit.— The  reflection  from 
poliahei]  Burfnces.  whiuli  folUivB  the  two  laws  alreadj  announced, 
is  called  regular  rrfefthii;  but  onlj  a  part  of  the  light  is  reflected 
regularly  from  nny  surface,  when  the  rcfleuling  biidy  is  more  dense 
than  the  surrounding  uiediutu.  A  part  of  the  light  is  scatttired  in 
all  directions,  and  is  said  to  be  irreyulmiy  rcJUcttd  or  diffuaed.  This 
is  the  portion  of  light  which  renders  tibjecls  visible.  Light  regu- 
larly reflected  gives  nn  image  nf  the  object  which  emiU  the  light, 
while  light  irregularly  reflected  gives  only  an  imnge  of  the  bodj 
which  refiecU  it.  When  a  mirror  bcuomes  diiu  by  the  accumulation  of 
light  dust,  or  anything  whiub  tArnisbus  its  surfnce,  the  amount  of 
regular  reflection  diminishes,  and  the  irregular  reflection  increasing, 
all  parts  of  the  mirror  become  distinctly  visible. 

411.  Umbra  and  penambra. — When  an  opaque  object  is  held  in  a 
pencil  of  light  proceediog  from  a  luminous  gn 

point,  as  >,  flg.  311,  a  dark  and  well-defined 

shadow  is  produced,  which  incr 

as   it   becomes    more    distant.      The   dark 

shadow  ill  ciilleil  iin  umbra.     If  the  light  proceeds  from  a  luminous 

body  having  a  sensible  mngiiitude,  as  A,  fig.  312,  hesideo  the  dark 

shadow,  or  iinibivi,  where  no  part  of  the   luminous  body  is  visible, 

there   will   lie   a   much   broade'   partial   shadow,  called   tne  penum- 


bra,  where  »  pnrt 
wf  the  penumbra 


\y  ur  the  luminous  bod;  is  mible.     The  breadth 
Ith  the  diameter  or  the  light,  and  with  the 


opaque  object.  The 
II  tbeeitrpni€  border, 
or  fuU  Bhiidow,  as  h 


dletance  nhkh  the  ahad<m  eitends  hebijid 
darkneM  uf  the  penumbra  gruduull;  iniTeast: 
nhich  is  too  faiDt  to  be  erwil;  «een,  to  the  un 
shown  in  a,  eeutioo  of  the  shadow,  at  Gg.  31'j. 

412.  Images  piodao«d  bj  light  transmitted  ttuongli  small 
aperttties.— ITa  wbitewireen  is  plained  neiir  a  sniuU  ufienirif;  iti  a  dark 
chamber,   the    rajs   of   light   which    pnits  3H 

through  the  opeuing  will  form  nn  the  aui 
ioTerled  imagee  uf  external  iibjecls. 

It  will  be  Keen  in  Gg.  314.  that  the  riiye  | 
of  tight  from  the  top  and  the  bultom  of  the 
object  cro»«  each  other  iu  the  Huiall  opening,  and  thus  invert  ihc  image. 
If  the  aperture  is  «did11,  the  image  will  be  formed  in  (he  same  mnnner, 
whatever  be  the  form  of  the  aperture.  But  if  the  opening  is  large,  tlie 
image  ie  indutiiict,  or  entirelj  disappears. 

413.  latanaity  of  light  at  diSerent  distances.— The  lotensitj 
of  light  at  any  distance  from  a  luminoiid  \itniy.  is  in  3IS 

an  inverBO  proportion  to  the  square  »f  the  dixta. 

Let  0,  Bg.  3IS,  be  s  luniinaai  pumt;  ■ 
boiud  one  Twt  rquurs ;  it  will  cut  ■  ihnclnw  Ibat  irill  « 
a  ipue  two  r«t  (qum  it  doabia  tho  diatHDU'e,  tbme  hsl 
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(qnarm  of  those  disuocei, 

414.  FhotometeiB  are  intitrumenla  employed  t 
parDtire  intenaitj  uf  different  lighte.  The  principle  nn  which  the;  ere 
e»nMrueted  ih,  in  oo  place  the  lights  that  thej  will  illuminate  a  single 
surface,  or  two  adjacent  eurfaees,  with  e<)Uttl  ititeiiBiij.     Tlie  rehitive 
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intennities  cif  the  two  Hghu  sre  then  u  the  square  of  their  distAnem 

fruui  Lhe  illiiitiinatuil  Hurfuoes. 

BnnBen'B  Photometer  it  thn  glupleat  imil  most  DaDtiinient  pboiomcicr 
jet  LDFent«d.  A  diik  of  pnptr  four  cir  Bt*  ioches  in  diaEoetcr,  ii  roodeiwl  trADi- 
lui^Dt  b;  vftflhing  it  with  p&raffina  or  Btcbrlne,  diMolved  in  oil  of  tarpeDtine  or 

it  bald  beliiecn  two  %hti,  M  a  paini  oben  Cbrir  inl«niU;  i*  ddoiobI.  the  truif - 
lusoiil  piit  if  (b«  paper  is  suilj  diallaBUi*b«d  from  tbe  ceatnl  pari,  bnt  wbcn 
miavad  to  a  paint  whure  the  tiro  Eigbtji  have  equal  inteniitj,  all  parta  of  iLe 
paper  bave  a  uniTarm  appcaxauce.  No  li^ht  app«ar«  to  phine  through,  becautn 
the  illumination  i>  equal  on  both  lido.  By  meaui  at  &  graduattnl  bar,  on  which 
the  lights  aod  diak  an  monDtod,  tho  dIatanM  of  eaoh  light  tTam  the  pap«r  la 

ilcnailiei  ot 


iBiitled  or  reBcclBd  frni 


dir 


Samfoid's  Photometei'. —  Rumford'a  pholumeler  iii  compOMd  ot 
'.wi  [iluies  "f  si'"i'"i'  ghiaa,  bprore  which  are  flxeJ  Iwo  'unique  rodfl,  A 
ind  B.  sepftratoj  by  a  eur*en,  fig,  ,116.  The  lighu  lo  be  cunipKred,  sn 
I  himj'  an<i  a  candle,  tii  n,  nre  bo  placed 


s  the  ruds  that  e&ch 


plate  is  illuminBled  by  only  one  uf  the  lights,  and  a  sliadow  of  the  eop- 
reapimding  rod  fallg  upon  oauh  plate,  aa  chown  in  tlie  figure.  If  lie 
two  Bhadows.  a  and  b,  are  of  uncqunl  intensity,  by  moving  one  of  tlia 
lights  bnckwHrd  or  forward  a  piwition  is  obtained  whore  the  ahndown 
appear  equally  dark,  nnd  the  glass  plntes  are  thuB  known  to  bo  equally 
ilium  inaled.  The  relative  intcuailiea  of  the  lighM  are  determined  as  in 
the  preceding  ciiHe. 

Billimaii'a  Pbotometer. — Silliman's  photumater  h  tbe  rereras  of 
Ruinfurd'n,  eom paring  two  discs  of  light  thrown  up  by  two  equal  trian- 
gular glans  prisms,  u[Hin  a  disc  of  roughened  ginsa  in  the  boily  of  a  dark 
-hnmbci'  moving  ■>»  a  graduated  bar-   {Am.  Jour.  Sci.  [2]  XXII.  315-1 


opnos. 
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I  2.  Catoptrics,  or  Reflection  by  Regular  Surfaces. 

I.     MIRRORS  AND  SPKCCLA. 

415.  BCirrors  are  solid  bodies  bounded  by  regular  surfaces,  higblj 
fiolisbed,  and  capable  of  reflecting  a  considerable  portion  of  the  ligbt 
which  falls  up^m  them. 

The  term  mirror  is  generally  applied  to  reflectors  made  of  glass  and 
coated  with  an  amalgam  of  tin  and  quicksilver. 

410.  Bpeonla  are  metallic  reflectors,  having  a  highly  polished 
surface.  The  best  speculum  metal  consists  of  32  parts  of  copper,  and  15 
parte  of  the  purest  tin.  Specula  are  also  made  both  of  silver  and  of  steel. 

In  the  use  of  gUtu  mirrors,  a  portion  of  light  reflected  from  the  first  surface, 
interferes  with  the  perfection  of  the  image ;  hence,  where  the  most  perfect  instru- 
oimits  are  required,  metallic  reflectors  are  employed.  In  treating  of  reflectors, 
we  shall  notice  only  the  action  of  the  principal  refleotiiig  surface,  and  use  the 
term  mirror  to  comprehend  all  regular  reflectors. 

417.  Forms  of  mirrors. — Mirrors  are  either  plane  or  curved.  Curved 
mirrors  may  be  spherical,  elliptical,  or  paraboloid.  The  properties  of 
elliptical  and  paraboloid  reflectors  have  been  mentioned  in  sections  324 
and  325.  A  concave  spherical  mirror  is  a  portion  of  the  surface  of  a 
sphere,  reflecting  from  the  internal  side.  A  convex  spherical  mirror  is 
a  portion  of  the  surface  of  a  sphere,  reflecting  from  the  outside.  Curved 
mirrors,  whether  concave  or  convex,  may  be  regarded  as  made  up  of  an 
infinite  number  of  plane  mirrors,  each  per-  317 
pendicular  to  a  radius  drawn  through  it  from 
the  centre  of  the  mirror. 

Fig.  317  shows  a  plane  mirror,  M  A  N,  a  concave 
mirror,  mAn,  and  a  convex  mirror,  m'  A  n',  having 
a  common  point,  A,  and  the  line,  P  A  C,  perpen- 
dicular to  each  at  the  point  A.  If  a  ray  of  light, 
I  A,  is  incident  upon  either  mirror  at  the  point  A, 
the  reflected  ray,  A  R,  will  make  the  sune  angle 
with  the  perpendicular  as  is  made  by  the  incident 

ray.    At  any  other  points,  as  f  or  t*,  the  curved  mirrors  will  act  like  little  plane 
mirrors,  perpendicular  to  the  radii  P  t  and  Ct\ 

II.  REFLECTION  AT  PLANE  SURFACES. 

418.  Reflection  by  plane  mirrors. — Paralld  rays  of  light,  falling 
upon  a  plane  mirror,  will  be  parallel  after  reflection. 

If  parallel  rays  of  light,  A  D,  A'  D',  fig.  318,  fall  upon  the  plane  mirror,  M  N, 
tbey  will  each  make  equal  angles  with  the  perpendicu-  318 

larsy  B  D,  E'  D',  and  as  the  angles  of  incidence  and 
rellaetion  will  be  equal,  the  reflected  rays,  D  B,  D'  B', 
will  make  equal  angles  with  the  perpendiculars,  and 
will  eonttqnently  be  parallel  after  reflection. 

If  A  D  represent  the  upper  side  of  the  beam  of  light  before  reflection,  it  wi!l 
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become,  after  reflection  in  D  B,  the  lower  side  of  the  beam.     Henee  a  beam  of 
parallel  light  .is  inverted  in  one  direction  by  refleotion  from  a  plane  ii.irror. 

Diverging  rays  of  light,  falling  upon  a  plane  mirror,  will  continae  to 
diverge  after  reflection,  and  will  appear  to  emanate  from  a  point  as 
much  behind  the  mirror  as  the  luminous  point  is  319 

before  it. 

Let  A  be  a  radiant  point  in  front  of  the  plane  mirror 
M  N,  fig.  319.  If  the  perpendiculars,  B  D,  E'  D',  B"  D", 
be  drawn,  the  reflected  rays  will  make  the  same  angles 
with  the  perpendiculars  as  the  incident  rays,  and  bonce 
the  reflected  rays  will  make  the  same  angles  with  each 
other  as  they  did  before  reflection,  but  they  will  appear  to  diverge  from  th« 
point  A',  behind  the  mirror. 

Convei'ging  rags  continue  to  converge  after  reflection  from  a  plane 
mirror.  After  reflection  they  will  converge  towards  a  point  as  mach  in 
front  of  the  mirror  as  the  distance  of  the  point  behind  the  mirror, 
towards  which  they  converged  before  reflection. 

This  is  easily  seen  by  tracing  the  rays  of  light  backward  in  the  preceding 
figure. 

Reflection  from  a  plane  mirror  changes  the  direction  of  the  rays  of 
light,  and  removes  the  point  of  apparent  convergence  or  divergence  to 
the  opposite  side  of  the  mirror. 

419.  Images  formed  by  plane  mirroiB. — Let  M  N  be  an  object 
placed  in  front  of  the  plane  mirror,  A  B,  fig.  320,  and  E  the  place  of 
the  eye.     From  the  great  number  of  rays  emitted  in  320 

every  direction  from  M  N,  and  reflected  from  the 
mirror,  a  few  only  can  enter  the  eye  at  E.  These 
will  be  reflected  from  those  portions,  D  F,  G  H,  of 
the  mirror,  so  situated  with  respect  to  the  eye  and 
the  points,  M  N,  that  the  angles  of  incidence  and 
reflection  will  be  equal.  If  the  rays,  D  £,  F  E,  are 
continued  backward,  they  will  meet  at  m,  and  they 
will  appear  to  the  eye  to  radiate  from  that  point.  In 
the  same  manner  the  rays  G  E,  H  E,  will  appear  to  radiate  from  n ;  « 
virtual  image  of  the  object  will  therefore  be  formed  between  m  and  n. 

This  is  called  a  virtual  image,  because  it  is  not  formed  of  rays  of  light 
actually  coming  from  the  position  of  the  image,  but  by  rays  so  changed 
in  their  direction,  that  they  appear  to  the  eye  as  though  originating 
from  an  object  situated  at  m  n,  behind  the  mirror. 

If  the  eye  is  moved  about,  the  image  remains  stationary,  hence  it  is 
seen  by  means  of  rays  reflected  from  other  parts  of  the  mirror.  Two 
or  more  persons  may  see  the  image  at  the  same  time  and  in  the  same 
position,  but  by  different  rays  of  li8:ht. 
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The  position  of  the  image  behind  the  mirror  may  be  found  by  draw- 
ing lines  from  prominent  points  in  the  object,  perpendicular  to  the 
mirror,  extending  them  as  far  behind  the  mirror  as  the  points  from 
which  they  are  drawn  are  situated  before  it,  then  uniting  the  extremi- 
ties of  the  lines,  the  outlines  of  the  image  will  be  delineated.  The 
images  of  all  objects  seen  in  a  plane  mirror  have  the  same  foim  and 
distance  from  the  mirror  as  the  objects  themselves. 

420.  Images  multiplied  by  two  sarfaces  of  a  glass  mirror.— 
Glass  mirrors  produce  several  images.  This  may  be  readily  demon- 
strated by  looking  very  obliquely  at  the  image  of  a  candle  in  a  glass 
mirror.  The  first  image,  caused  by  partial  reflection  from  the  first  sur- 
face of  the  glass,  is  comparatively  faint.  The  second  321 
image  is  formed  by  reflection  from  the  quicksilver, 
which  covers  the  second  surface,  and  is  very  clear  and 
distinct. 


When  rays  of  light  from  any  objoct  fall  upon  the  first 
sarface  of  a  plate  of  glass,  M  N,  fig.  321,  a  portion  of  the 
light  being  reflected,  forms  the  first  image,  a.  The  principal 
part  of  the  light  penetrates  the  glass,  and  is  reflected  at  e,  by 
the  silvering  which  covers  the  back  of  the  mirror,  and  coming  to  the  eye  in  the 
direction  d  H,  produces  the  image,  a',  at  a  distance  from  the  first  image  equal 
to  about  once  and  a  third  the  thickness  of  the  glass.  This  image  is  much 
brighter  than  the  first,  because  the  metallic  coating  of  the  mirror  reflects  a 
greater  amount  of  light  than  the  first  surface  of  the  glass. 

Other  images,  more  and  more  obscure,  are  formed  by  rays  which 
emerge  from  the  glass  after  successive  interior  reflections  from  the  two 
surfaces  of  the  glass.  As  this  multiplicity  of  images  diminishes  the 
distinctness  of  vision,  metallic  reflectors  are  often  employed  in  optical 
instruments.  832 

421.  Images  formed  by  light  reflected 
by  two  plane  mirrors. — Let  A  6,  fig.  322, 
be  an  object,  and  G  D,  £  F,  two  plane  mir- 
rors, making  an  angle  with  each  other  less 
than  180°.  The  light  falling  upon  the 
mirror  C  D  will  form  an  image  at  a  6,  the 
position  of  which  may  be  determined  by 
the  method  explained  at  section  419.  A 
portion  of  this  light,  after  reflection,  will 
fall  upon  the  mirror  £  F,  and  be  reflected 
as  if  coming  from  an  image  a^  y^  which  will  be  seen  by  the  eye  at  e. 

To  trace  the  course  of  the  rays  which  enter  the  eye  from  any  point,  Q,  in  the 
objeet  A  B ;  let  9  be  the  corresponding  point  in  a  6,  and  q'  a  similar  point  in 
a'  V ;  the  light  will  enter  the  eye  as  if  it  came  from  9',  therefore  draw  the  lines 
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tf  e,  and  they  will  show  the  fioal  eoime  of  the  peoeil  hj  which  the  point  Q  if 
Been.  From  the  points  where  these  lines  meet  the  minor,  B  F,  draw  Uaes  to  f , 
and  they  will  represent  the  coarse  after  refleetion  by  C  D ;  from  the  pointe  where 
these  lines  meet  the  mirror  C  D,  draw  lines  to  the  point  Q,  and  they  will  show 
the  course  of  the  rays  which,  after  reflection  by  each  of  the  mirrors  C  D,  E  F, 
form  the  pencil  by  which  the  eye  at  e  sees  the  point  q'  in  the  seeondary  image 


I'b'. 


The  inrersioD  of  parts  by  the  two  mirrors  are  now  seen  to  eorreet  eaeh  other, 
and  all  the  parts  of  the  image,  a'  b',  hare  the  same  relation  to  eaeh  other  as  in 
the  object  A  B.  The  peculiar  excellence  of  Wollaston's  Oomera  Imeida  (61S) 
depends  upon  the  fact  that  by  means  of  two  reflections  all  parts  of  the  image 
preserre  their  natural  relations. 

422.  Multiplicity  of  images  seen  by  means  of  inclined  mir- 
rors.— When  an  object  is  placed  between  two  mirrors,  which  make 
with  each  other  an  angle  of  90°  or  less,  several  323 
images  are  produced,  Tarjing  in  numbers  accord- 
ing to  the  inclination  of  the  mirrors.     If  they  are 
placed  perpendicular  to  each  other,  three  images 
will  be  seen,  situated  as  in  fig.  323. 

The  rays  0  C  and  0  D,  from  the  point  0,  form,  after  a 
single  reflection,  one  the  image  0',  the  other,  the  image 
0" ;  and  the  ray  0  A,  which  undergoes  two  reflections  at 
A  and  B,  gives  a  third  image,  0'".   When  the  inclination^ 
of  the  mirrors  is  60°,  five  images  are  formed ;  and  when 

they  are  placed  at  an  angle  of  46°,  seven  images  are  produced.     The  numbei 
of  images  continues  to  increase  as  the  inclination  of  the  mirrors  diminishes,  an 
when  the  mirrors  become  parallel,  the  number  of  Images  is  theoretically  infinite^ 
but  as  some  of  the  light  is  lost  at  every  reflection,  and  the  snecessive  Ima 
appear  more  and  more  distant,  only  a  moderate  number  of  images  are  visible. 

423.  Deviation  of  light  reflected  by  two  mirrors. — ^When  a  ra; 
of  light  reflected  by  a  mirror  is  again  reflected  by  a  second  mirror,  i 
a  plane  perpendicular  to  the  intersection  of  the  two  324 
mirrors,  the  deviation  of  the  ray  from  its  original 
direction  is  equal  to  twice  the  angle  formed  by 
the  two  mirrors. 

Lot  two  mirrors,  A  and  B,  fig.  324,  be  inclined  to 
each  other,  so  that  their  directions  shall  meet  at  some 
point,  C,  forming  an  angle  A  C  B  =  a.  Let  the  ray 
of  light,  S  A,  be  reflected  by  the  first  mirror  in  the 
line  A  B,  and  falling  upon  the  second  mirror  be  again 
reflected  in  the  direction  B  D,  meeting  the  original  direc- 
tion S  A  D  in  D.  Let  the  angle  of  deviation  A  D  B  =  rf. 
Draw  N  A  n  perpendicular  to  the  mirror  A,  and  B  n  per- 
pendicular to  the  mirror  B.     The  angle  between  these 

perpendiculars  will  be  equal  to  the  angle  formed  by  the  InoUnations  of  thi 
m'rrors,  or  A  «  B  =  A  C  B  =  o. 
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L6t3ANss5A6=s«,  MidA6fi=:t';iheii8moeNAB=ABii  +  AiiB, 
w  htiw : — 

i^ss  i'  -\-  a    .'.    a=i  i  —  i' ; 

aUo    BAD-|-ABD-fADB  =  180^ 

or  2(90«  —  »)  +  2»' -f  rf  =  180O    .-.    rf  =  2(i  —  »')  =  2a; 

Or  the  deTUtion  of  any  ray  after  two  reflections  ii  equal  to  twice  the  angle  be- 
tween the  mirrors. 

424.  Kaltfidosoope. — ^This  beautiful  toy  depends  upon  the  multi- 
plication of  images  by  inclined  mirrors.  Two  mirrors,  inclined  at 
angles  of  30^,  45^,  or  60°,  are  placed  in  a  paper  tube,  one  end  of  which 
is  closed  by  plain  and  the  other  by  ground  glass.  Various  objects,  as 
fragments  of  colored  glass,  tinsel,  twisted  glass,  &e.,  are  placed  in  a 
narrow  cell,  at  the  end  of  the  tube,  closed  with  ground  glass,  just  room 
enough  being  left  to  allow  the  objects  to  tumble  around  as  the  tu>>e  is 
moved.  On  looking  through  this  instrument  towards  the  light,  multi- 
plied images  of  every  object  are  seen,  beyond  all  description  splendid 
and  beautiful ;  an  endless  variety  of  symmetrical  combinations  appear- 
ing to  the  view  as  the  instrument  is  moved,  but  never  recurring  with 
the  same  form  and  color. 

Let  A  0  and  B  C,  fig.  325,  be  the  two  mirrors  of  the  kaleidoscope,  and  let  tiie 
dotted  circle,  described  about  C  as  a  centre,  represent  the  tabe  in  which  they 
are  placed;   let  Q  be   the  position  of  an  object  325 

within  the  angle  formed  by  the  mirrors.  If  Q  is 
in  the  cireamferenee  of  the  circle  described  about 
C,  the  two  series  of  images  of  Q  will  be  formed  in 
the  circumference  of  the  same  circle,  9, 9,  q^  q^  be- 
ing formed  by  the  mirror  A  C,  and  q'  q"  q"*  q"" 
being  formed  by  the  mirror  B  C.  Since  9,  is  in  a 
line  perpendicular  to  A  0,  and  at  the  same  dis- 
tance from  A  0  behind  it  as  Q  is  before  it,  that  l, 
perpendicular  is  the  chord  of  the  arc  Q  9,,  and  q^  9*  \ 
if  in  the  circumference  of  the  circle  drawn  about 
C  as  a  centre.  For  the  same  reason  q'  is  also  io 
the  same  circumference ;  so  also  q"  being  the  image 
of  9,,  is  as  far  behind  B  C  as  91  is  before  it,  and  as  the  line  joining  91  and  9"  is 
perpendicular  to  B  C,  it  must  be  the  chord  of  the  circle,  and  hence  q"  is  in  the 
eircumference.  In  the  same  manner  it  may  be  shown  that  every  image,  formed 
by  repeated  reflections  from  A  B  and  B  Cf?  is  also  in  the  circumference  of  the 
circle  described  about  C.  When  we  arriTC  at  any  image,  9^  or  q""t  falling,  as 
in  the  figure,  between  the  directions  of  the  mirrors  produced,  such  an  image 
being  situated  at  the  back  of  both  the  mirrors  must  be  the  last  of  its  series,  as 
no  light  from  such  an  image  can  fall  upon  either  mirror. 

According  to  {  423,  the  distance  between  any  two  images,  formed  by 
an  even  number  of  reflections,  will  be  equal  to  twice  the  angle  between 
the  mirrors.  It  is  evident  that  images  formed  by  an  odd  number  of 
reflections  will  be  situated  between  each  two  of  the  former  series: 
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hence  the  entire  number  of  images  seen  in  the  kaleidoscope,  including 
the  object  itself,  will  be  equal  to  360^  divided  by  the  angle  contained 
between  the  mirrors.  If  the  inclination  of  the  mirrors  is  60®,  the  num- 
ber of  images,  including  the  object,  will  be  six  ;  if  the  inclination  is  45% 
the  number  will  be  eight;  and  for  30®  every  object  will  appear  as 
twelve.  If  the  inclination  of  the  mirrors  is  small,  the  images  formed 
by  many  successive  reflections  become  too  faint  to  be  distinctly  seen. 

425.  Hadley'a  aeztant  is  an  instrument  depending  on  reflection 
from  two  mirrors,  and  used  chiefly  by  seamen  for  measuring  the  alti- 
tudes and  angular  distances  of  the  heavenly  bodies. 

.  Two  mirrors,  a  and  6,  fig.  326,  are  so  mouDted  that  the  angle  of  inclination 
can  be  varied  at  pleasure.  The  mirror  a  is  attached  to  a  movable  arm,  a  0, 
Thich  turns  about  the  centre  of  the  graduated 
Arc  A  B.  This  arm  carries  at  C  a  vernier  by 
which  minute  divisions  of  the  graduated  arc 
are  easily  distinguished.  The  mirror  b  is 
firmly  attached  to  the  frame  of  the  instru- 
ment, and  the  outer  portion  has  the  silvering 
removed,  so  that  an  eye  placed  at  e  sees  the 
distant  horizon,  or  any  other  object  to  which 
it  is  directed,  in  its  true  position.  The 
mirror  a  is  turned  with  the  index  arm  a  C, 
until  any  other  object,  as  the  sun,  moon,  or  a 
star,  whose  light  is  twice  reflected  in  the 
directions  Babe,  appears  to  coincide  in 
direction  with  the  horizon  or  other  object,  H, 
seen  by  direct  light,  from  which  its  angular 
distance  is  to  be  measured.  The  telescope  at 
e  is  used  to  facilitate  accurate  observation. 
The  divisions  of  the  graduated  arc  and  vernier  are  also  read  by  the  aid  of  a 
magnifying  lens,  not  shown  in  the  figure.  The  deviation  of  the  ray  8  a,  after 
being  twice  reflected,  is,  by  ^  423,  twice  the  angle  contained  between  th« 
mirrors,  or  twice  the  degrees  contained  between  A  C ;  half  degrees  on  the 
scale  are  therefore  marked  as  whole  degrees.  The  reading  by  the  vernier  give* 
the  altitude  or  angular  distance  of  the  observed  object. 

III.     REFLECTION  AT  CURVED  SURFACE.«i. 

426.  Concave  and  convex  spherical  mirroiB. — If  an  arc  of  a 
circle,  M  N,  fig.  327,  is  made  to  revolve  around  a  line,  ACL,  drawn 
through  its  centre  of  figure  A,  and  $27 

its   centre  of  curvature   0,  it  will 
generate   a  curved  surface,  which 

will  be  a  segment  of  the  surface  of   ^ ^ 

a  sphere.  Internally,  such  a  polished   H^ZZZZZZZIZZZII 
surface  is  called  a  concave  mirror, 
and  externally  a  convex  mirror.    The  line,  A  C,  is  called  the  principal 
axis  of  the  mirror,  and  any  other  line  drawn  through  the  centre  of 


it 


OPTICS.  309 

earratare,  C,  is  called  a  secondary  axis.  The  angle  M  C  N  is  called 
the  angular  apertare  of  the  mirror.  A  section  made  hy  a  plane  pass- 
ing through  the  principal  axis,  A  C,  is  called  the  principal  section,  or 
a  meridional  section. 

The  tboory  of  reflection  from  oarved  mirrors  is  easily  deduced  from  the  laws 
«f  reflectivn  by  plane  mirrors.  Every  point  in  the  oarred  mirror  may  be 
tegarded  ai  a  point  in  a  plane  mirror  so  sitaated  that  its  perpendioalar,  where 
the  ray  of  light  falla  apon  it,  coincides  with  the  radius  of  the  curved  mirror  at 
that  point. 

A  line  drawn  from  any  point  in  a  spherical  mirror  to  the  centre  of 
corTature,  will  be  perpendicular  to  the  mirror  at  that  point,  and  also 
perpendicular  to  any  plane  mirror  touching  the  curved  mirror  at  that 
point. 

427.  Foci  of  concave  mirrors  for  parallel  rays. — The  focus  of 
a  concaye  mirror  is  the  point  towards  which  the  reflected  rays  con- 
verge. 

(a)  Paralld  rays  falling  near  the  axis  of  a  concave  mirror,  fig.  327, 
converge,  afler  reflection,  to  a  point  equidistant  between  the  mirror 
and  the  centre  of  the  sphere,  of  which  the  mirror  forms  a  part.  This 
point  is  called  ilu  principal  focus, 

Rays  of  light  emanating  from  the  principal  focus  of  a  concave  mirror, 
will  be  reflected  parallel  to  each  other. 

i>emow«lrafton.— The  lines  C  M,  C  B,  C  D,  fig.  327,  drawn  from  the  centre  of 
eurvatnre  of  the  mirror,  M  N,  are  perpendicular  to  the  mirror  at  those  points. 
The  parallel  rays,  H  B,  O  D,  will  converge,  afler  reflection,  to  the  point  F.  It 
is  evident  that  the  angle  of  reflection,  CDF,  for  any  ray,  will  be  equal  to  the 
angle  of  incidence,  O  D  C ;  but  O  D  C  is  equal  to  D  C  F,  which  is  the  alternate 
angle  formed  by  a  line  D  C,  meeting  two  parallel  lines,  G  D,  LA;  hence  in  the 
triangle,  C  F  D,  the  angles,  F  G  D  and  F  D  C,  are  equal,  and  therefore  the  sides, 
C  F  and  F  D,  are  equal.  If  the  point,  D,  gradually  approaches  the  point.  A, 
C  F  -{-  F  D  will  differ  less  and  less  from  C  A,  until  their  sum  will  be  sensibly  equal 
to  C  A,  and  F  A  will  be  sensibly  equal  to  one-half  of  C  A ;  or  the  focus  of  parallel 
rays,  after  reflection  from  a  concave  mirror,  will  be  equal  to  one-half  the  radius 
of  curvature.  If  the  point  of  incidence,  D,  recedes  from  A  towards  M,  or  N,  the 
point,  F,  will  gradually  approach  A,  or  the  focal  distance  will  diminish.  A 
concave  spherical  mirror  will  therefore  reflect  parallel  rays  to  a  single  focal 
point  only  when  the  diameter  of  the  mirror  is  small.  Practically  it  is  found  that 
the  diameter  of  the  mirror,  or  the  angular  aperture,  M  C  N,  should  not  exceed  h 
or  10  degrees.  / 

428.  Foci  of  diverging  raya. — Jf  rays  of  light  falling  upon  a  con- 
eave  mirror  diverge  from-  a  point  beyond  the  centre  of  curvature,  they 
will  converge,  after  reflection,  to  a  point  between  the  principal  focus 
and  the  centre  of  curvature.  This  point  of  convergence  is  called  the 
eonjagate  focus,  because  )/t\^  distance  of  the  r^i^t  point  and  the  focuf 
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to  which  the  rajs  oonverge,  after  reflection,  haTe  a  mutual  relation  lo 
each  other.  828 

Let  rays  dirtrging  from  a  point,  L, 
fig.  828,  fall  apon  a  oonoare  mirror,  the 
angle  of  incidence,  L  K  0,  will  be  smaller 
than  8  K  G,  which  is  the  angle  of  incidence 
for  parallel  rays  falling  upon  the  mirror  at 
the  same  point  The  angle  of  reflection, 
C  K  /,  will  also  be  smaller  than  G  K  F ;  hence  the  raj,  L  K,  will  be  so  r«flMle4 
as  to  cross  the  principal  axis  at  a  point,  Z,  between  F,  the  principal  foeni,  tDd 
0,  the  centre  of  curvatare  of  the  mirror. 

The  relation  between  the  radiant  point  and  point  of  oonTergenoe  ii  easily 
determined.  In  the  triangle  L  K  /  the  radios  K  0  biseoU  the  angle  L  K  {,  heaoa 
by  a  well  known  principle  of  geometry : — 


CL:lC  =  hKilK 


CL_|C 

lk""/k' 

L  A,  and  /K  «b  {A,  rvrj 


When  the  incident  pencil  is  rery  small,  L  K  = 
nearly,  hence  we  have, 

OL       IC 

—  =^-j  nearly. 

Let  LA  =  II,  lA  =  v,CA  =  radius  of  the  mirror  &=  r,  and  A  F  as  the 

r 
principal  focal  length  =/.    Then/  =  -,  and  by  substituting  these  TaluM,  the 

abore  equation  becomes 

M  — r       r— »  1         1         1         I 

==  •  Dividing  by  r  we  have ■=s— — .-; 

w  V  r       n        p        r 


1  _2        1  __1        1   . 

9        r        u        /        u 


ur 


u—/      2u—r 

From  this  formula  we  may  deduce  the  value  of  v,  or  the  focus  of  reflected 
rays,  whatever  may  be  the  point  of  divergence  of  the  incident  rays. 

If  the  luminous  point  is  removed  to  2,  the  reflected  rays  will  meet  at 
L.  If  the  luminous  point  is  placed  at  the  centre  of  curvature,  C,  all 
the  rays  will  fall  perpendicularly  upon  the  mirror,  and  be  reflected  back 
to  the  point  G,  from  whence  they  came. 

If  the  luminous  point  is  situated  between  the  centre  of  curvature  and 
the  principal  focus,  the  conjugate  focus  will  be  removed  beyond  the 
centre  of  curvature,  and  become  more  and  more  distant  as  the  luminoai 
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paint  approaohes  the  principal  foeufl.  When  the  lominous  point  arrives 
at  the  principal  fooos,  the  oonjagate  fooos  will  be  removed  to  an  infinite 
distance,  or,  in  other  words,  the  reflected  rays  will  become  parallel. 
While  the  radiant  point  has  removed  from  C  to  F,  the  oonjogate  focos 
has  removed  from  C,  to  an  infinite  distance. 

429.  CoiiTerging  raya. — Virtual  fooos. — ^If  the   radiant  point 
passes  from  the  principal  focus,  F,  towards  the  mirror,  as  in  fig.  329, 
it  is  evident  that  the  reflected  rays  will  diverge,  as  339 
though  emanating  from  a  point/,  behind  the  mirror, 
tailed  the  virtual  foeus. 

When  the  radiant  point  is  near  the  principal 
focus,  between  it  and  the  mirror,  the  virtual  focus 
of  the  divergent  reflected  rays  will  be  at  a  very 
great  distance.  As  the  radiant  point  continues  to  approach  the  mirror, 
the  virtual  focus  also  approaches  it.  While  the  radiant  point  passes 
Orom  the  principal  focus  to  the  mirror,  the  conjugate  virtual  focus,  or 
point  from  which  the  reflected  rays  appear  to  diverge,  passes  from  an 
infinite  distance  behind  the  mirror,  to  the  surface  of  the  mirror,  or  to 
the  radiant  point  itself. 

These  propositions  may  be  easily  proved  by  giving  to  u  appropriate 
values  in  the  formula. 

430.  Secondary  azea. — Oblique  pencila. — If  the  luminous  point, 
L,  fig.  330,  is  not  situated  in  the  principal  axis  of  the  mirror,  a  line 
drawn  from  the  radiant  point  through  the  centre  330 

of  curvature,  as  L  C  B,  will  constitute  a  second- 
ary axis,  and  the  focus  of  the  oblique  pencil  of 
rays  diverging  from  L,  will  be  found  in  this 
secondary  axis.  In  the  same  manner  we  may 
draw  secondary  axes,  and  determine  the  foci, 
whether  real  or  rirtual,  for  any  number  of  points  in  a  luminous  object. 

431.  Rule  for  conjugate  foci  of  concave  mirrora. — Multiply  tht 
distance  of  the  radiant  point  from  the  mirror,  by  the  radius  of  curvature, 
and  divide  this  product  by  twice  the  distance  of  the  radiant  point,  minus 
the  radius  of  curvature  of  the  mirror^  and  the  quotient  will  be  the  distance 
of  the  corrugate  focus  from  the  mirror. 

If  the  quotient  given  by  this  mle  is  negative,  or  if  twice  the  distance  of  the 
radiant  point  is  lees  than  the  radios  of  curratare,  the  conjagate  focus  will  be  a 
rirtual  foens  behind  the  mirror,  and  the  reflected  rays  will  diverge. 

432.  Convex  apherical  mirrora. — The  effects  attending  the  reflec- 
tion of  diverging,  converging,  or  parallel  rays  of  light  by  convex 
reflectors,  are,  in  general,  the  opposite  of  the  effects  produced  by  con- 
eave  reflectors.    The  foci  of  parallel  and  diverging  rays  of  light. 
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reflected  bj  a  ooDTez  reflector,  are  at  the  same  dwtaDoe  at  for  oonea^a 
mirrors,  bot  tbej  are  situated  behind  the  reflector,  and  are,  hence,  oolj 
firtoal  foci.  Light  conTcrging  towards  any  point  behind  a  convex 
mirror,  more  distant  than  the  centre  of  carrature,  will  diTcrge,  after 
reflection,  fh>m  a  virtual  focus  between  the  centre  of  currature  and  the 
principal  focus.  Rajs  converging  toward  the  principal^  virtual  focus, 
will  be  reflected  parallel ;  but  rays  converging  towards  a  point  nearer 
to  the  mirror  than  the  principal  focus,  will  be  reflected  to  a  real  focus 
in  front  of  the  convex  reflector. 
These  phenomena  will  be  readi- 
ly understood  by  an  examina- 
tion of  fig.  331.  The  ray  S I  is 
reflected  in  the  direction  F I  M ; 
LE  is  reflected  in  the  direo- 
tion  /EG,  and  reciprocally, 
Q  E  is  reflected  in  the  direction  E  L,  and  M  I  in  the  direction  I  S. 

The  formalm  for  the  convex  mirror  may  be  determined  in  the  same  manner  as 
for  the  concave  mirror,  or  we  may  dednce  it  at  once  from  Uie  formula  for  tiie 
concave  mirror.  Since  the  focus  of  parallel  raya  ia  behind  the  convex  mirror. 
If  we  call  the  valne  of  /  for  the  concave  mirror  positive,  it  must  be  negative  for 
the  convex  mirror.  If  therefore  we  insert  — /  instead  of/  in  the  formala  for 
the  concave  mirror,  it  will  become  for  the  convex  mirror  :-— 


1 


1 

7 


fVom  which  it  appears  that  the  value  of  o  muat  also  be  negative  when  u  is  posi- 
tive, that  is,  u  and  v  are  on  oppoaite  sides  of  the  mirror.  Now  by  patting  •—  • 
Instead  of  v  in  the  above  formula,  it  will  represent  the  absolnte  value  of  the 
focus  of  reflected  rays  reckoned  on  the  back  side  of  the  convex  mirror,  and  we 


have  for  the  convex  mirror. 


1       1        1 


433.  Images  formed  by  coDcave  mirrors. — The  principles  already 
explained  enable  us  to  understand  the  formation  of  images  by  concave 
mirrors.  Let  A  B,  fig.  332«  represent  an  object  placed  before  a  concave 
mirror,  beyond  its  centre  of  jSj 

curvature.  The  lines,  A  C 
and  B  C,  drawn  through  the 
centre  of  curvature  from  the 
extremities  of  the  object,  are 
the  secondary  axes  in  which 
the  extremities  of  the  image,  a  &,  will  be  formed,  at  a  distance  from  the 
tMirror  equal  to  the  coi\jugate  foci  for  the  extreme  points  of  the  object. 
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This  image  is  real,  inverted,  smaller  than  the  object,  and  placed  between 
the  centre  of  cnrratare  and  the  principal  focus. 

If  a  6  is  regarded  as  the  object,  placed  between  the  centre  of  curva- 
tare  and  the  principal  focus,  an  enlarged  image  will  be  formed  at  A  B. 
If  the  object  is  placed  at  the  principal  focus,  no  image  will  be  formed, 
because  the  rajs  from  each  point  of  the  object  will  be  reflected  parallel 
to  an  axis  drawn  through  the  centre  of  333 

cunratnre  from  the  points  where  they  i^ 
originate.  I 

If  the  object,  A  B,  is  placed  entirely  on 
one  side  of  the  principal  axis,  as  in  fig. 
333,  it  is  evident  that  its  image,  a  6,  will  be  formed  on  the  opposite  side 
of  the  principal  axis. 

434.  Virtual  images. — If  the  object,  A  B,  fig.  334,  is  placed  between 
tlie  mirror  and  the  principal  focus,  the  incident  rays,  A  D,  A  R,  take» 
after  reflection,  the  directions,  D  I,  K  H,  and  934 

their  prolongations  backward,  form  at  a,  a 

virtaal  image  of  the  point  A.    In  the  same  '^■^■^'^J^^^ 1. 

manner  the  image  of  B  is  formed  at  b,  so 
that  the  image  of  A  B  is  seen  at  a  b.    The 
image,  in  this  case,  is  a  virtual  image,  erect,  ^ 
and  larger  than  the  object. 

From  the  precedihg  illustrations,  it  is  evident,  that,  when  an  object 
is  placed  before  a  concave  mirror,  more  distant  than  the  centre  of 
onnrature,  the  image  is  real,  but  inverted,  and  smaller  than  the  object ; 
M  ibe  oljeol  approaches  the  centre  of  curvature,  the  image  enlarges 
iad  beoooies  equal  to  the  object  and  coincides  with  it ;  when  the  object 
apfHtMidies  nearer  to  the  mirror  than  the  centre  of  curvature,  the  image 
beoooiM  hatpfr  than  the  otgect,  and  more  distant  from  the  mirror. 
WImb  tiMi  oljeei  arrives  at  the  principal  focus,  the  image  becomes 
iafinilely  jdistani,  and  disappears  entirely :  when  the  object  approaches 
nearer  to  the  mirror  than  the  principal  focus,  an  erect  virtual  image, 
larger  than  the  object,  appears  behind  the  mirror. 

435.  Formation  of  imagea  by  convex  mirrors. — Let  A  B,  fig. 
335,  be  an  object  placed  before  a  convex  335 

mirror,  at  any  distance  whatever.  If  we 
draF  the  secondary  axes,  AC,  B C,  it  fol- 
lows, from  what  has  been  said  (433)  concern- 
ing the  construction  of  foci  of  convex  mirrors, 
that  all  the  rays  emitted  from  the  point  A,  diverge  afler  reflection,  ano 
thai  their  prolongations  backward  converge  to  a  point,  a,  which  is  a 
29« 
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virtual  image  of  the  point  A.     In  the  same  oiaDner,  raj*  emitted  fVoih 
the  point  6,  furm  a  rirtunl  image  of  that  point  in  b. 

Whatever  maj  bo  the  position  of  an  object  before  a  convei  mirmr, 
the  image  is  always  foriued  behind  the  mirror.  er«ct  and  Hmaller  than 
the  object. 

436.  aeneral  rale  (or  coaatiuctlne  images  formed  by  mlnon. 
— To  ootiBtruct  thii  image  of  a  point ;  1.  JJrixte  a  gayiidary  axit  Jrem 
thai  point;  2.  Take  Jram  the  gieen  poinl  any  iitcuienf  rat/  lehatrper! 
join  Che  point  of  incidence  and  the  centre  of  currnUure  of  the  mirror  by  a 
right  line ;  thit  kIU  be  the  jierpemiicuiar  at  thai  point,  and  kUI  ihoie  the 
attgte  nf  incuience ;  3.  Lhaui  from  the  poinl  of  incidence,  on  the  other 
tide  of  the  perpendicular,  a  right  line,  tehich  thall  make  with  it  an  angle 
tqual  to  the  angle  of  incidence.  Thit  laat  line  repretentt  the  rejteelrd  ray, 
ahich,  being  prolonged  until  it  eroiati  the  aeeundary  axit,  determinet  M« 
place  ahere  the  image  of  the  gioen  point  is  formed.  4.  Determine  Iki 
potiliun  q/'any  other  point  in  the  object  in  the  same  manner. 

437.  Sphsiical  aberration  of  mlrrota. — CanatlcB.— The  raja 
from  any  point  of  an  object,  placed  before  a  spherical  mirror,  concave 
or  convei,  do  not  converge  seDsibly  (o  a  single  point,  unless  l^e  aperture 
of  the  mirror  is  limited  to  9°  or  10°.  If  the  aperture  of  the  mirror  ia 
larger  than  this,  the  rajs  reflcvted  from  the  borders  of  the  mirror  meet 
the  ails  nearer  to  the  mirror  than  those  which  are  reflected  from 
portions  of  the  mirror  verj  near  to  the  centre.  ^^^ 
There  results,  therefore,  a  want  of  clearness  oi 
tinotnesB  in  the  image,  which  is  designated  ■pAmeoI  I 
aberration  6y  refiection. 

The  reflected  raja  oroes  each  other  successivclj,  I 
two  and  two,  and  their  points  of  loternection  fori 
space  0.  brilliant  surface,  called  a  eauitic  bj  reflec-l 
tioD.  curving  towarda  the  axis,  as  shown  in  fig.  336, 1 
where  C  is  the  centre  of  curvature,  F  the  principal  focus,  and  d  ths 
centre  of  figure. 

i  3.   Dioptdo*,  OI  RefiBOtloii  at  Regular  Surfaces. 


436.  Pilsma  and  letuei.  are  bodies  having  certikin  regular  furn 
eeotioDs  of  which  are  shown  in  fig.  337 


;=AI#HI^Cf- 


A  prism  is  a  solid  having  three 
or  more  plane  faces,  variously  ii 
olined  to  each  other,  as  shown  at  A,  fig.  337.     The  angle  formed  bj 
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the  fao<30,  A  R,  A  S,  is  the  refracting  angle  of  the  prism.    For  some 
porpoees  prisms  are  used  having  more  than  three  plane  faces. 

A  lens  is  a  portion  of  some  transparent  substance,  as  glass  or  crystal, 
of  which  the  surfaces  are  generally  either  both  spherical,  or  one  plane 
and  the  other  sphericaL  The  axis  of  a  lens  is  the  line  joining  the 
centres  of  the  spherical  surfaces  when  both  are  curved,  and  the  line 
perpendicular  to  the  plane  surface  which  passes  through  the  centre  of 
the  other  surface  when  one  side  is  plane.  When  the  surfaces  of  lenses 
are  of  different  kinds,  they  are  named  in  reference  to  the  side  on  which 
the  light  first  falls. 

If  the  figures  C,  D,  £,  F,  G,  H,  I,  were  revolved  around  the  axis, 
M  N,  they  would  severally  describe  the  solid  lenses  they  are  intended 
to  represent. 

In  explaining  the  properties  of  lenses,  and  showing  the  progress  of 
light  through  them,  we  make  use  of  such  sections  as  are  shown  in  the 
figure,  for  every  plane  passing  through  the  axis  has  the  same  form,  and 
what  is  true  of  one  section  is  true  of  all. 

A  plane  gkue,  B,  is  a  plate  of  glass  having  two  plane  surfaces,  a  b, 
e  d,  parallel  to  each  other. 

A  sphere,  shown  in  section  at  C,  has  all  parts  of  its  surface  equally 
distant  from  a  certain  point  within,  called  the  centre. 

A  double  convex  lens,  D,  is  a  solid  bounded  by  two  convex  surfaces, 
which  are  generally  spherical. 

A  plano-eoncex  lens,  E,  has  its  first  surface  plane,  and  the  other 
eonvex. 

A  doMe  concave  lens,  F,  has  two  concave  surfaces  opposite  to  each 
other. 

A  piano-coneave  lens,  G,  has  its  first  surface  plane,  and  the  other 
ooneave. 

A  meniscus,  shown  at  H,  has  one  surface  convex,  and  the  other  con- 
cave,  their  curvatures  being  such  that  the  two  surfaces  meet,  if  con- 
tinued. As  this  lens  is  thicker  in  the  centre  than  at  its  edges,  it  may 
be  regarded  as  a  convex  lens. 

A  concavo-convex  lens,  shown  at  I,  has  its  first  surface  concave,  and 
the  other  convex,  but  the  curvatures  are  such  that  the  surfaces,  if  con. 
tinned,  would  never  meet.  As  therefore  the  concavity  exceeds  the 
convexity,  it  may  be  regarded  as  a  concave  lens. 

II.  RBFRACTION  AT  PLANK  SURFACES. 

439.  Refraotioii  by  prianui.— If  a  ray  of  light.  In,  fig.  338,  falls 
>bliqaely  upon  a  transparent  medium,  whose  opposite  plane  faces  are 
fioC  parallel,  the  ray  will  be  refracted  at  the  first  surface,  and  take 
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a  direction  nearer  to  the  perpendicular.  Now  if  the  position  of  tba 
incident  ray,  and  the  inclination  of  the  faces  of  the  medium,  are  at 
shown  in  the  figure,  it  is  obvious  that  the  emergent  333 

ray,  W  V^  will  be  turned  still  further  from  its  original 
direction.  It  is  evident  that  any  other  position  of  the 
second  refracting  surface  would  cause  a  correspond- 
ing alteration  in  the  direction  of  the  emergent  ray. 


Let  a  6  c,  fig.  339,  be  a  section  of  a  triangular  prisni,  /  n  a 
ray  of  light  inoident  at  n,  0  n  •  the  perpendicular  at  that 
point,  n  n'  will  be  the  course  of  the  ray  of  light  through  the 
prism,  and  u'  V  the  emergent  ray. 

If  the  prism  is  more  dense  than  the  surrounding  medium,  the  light  will  enter 
the  prism,  whatever  may  be  the  angle  of  incidence,  but  if  the  angle  of  incidence, 
/n  0,  diminishes,  then  the  ray,  n  n',  will  fall  more  obliquely  upon  the  second  svr* 


339 


349 


Dace  of  the  prism,  until  it  may  arrive 
at  an  inclination  where  it  will  suf- 
fer total  internal  reflection. 

If  the  incident  ray,  /  n,  fig.  340, 
falls  upon  the  prism  at  such  an 
angle,  that,  afler  refraction,  it  takes 
the  direction,  n  n',  parallel  to  a  e, 
the  base  of  the  prism,  the  angles  at  which  it  enters  and  leaves  the  prism  will  be 
equal,  and  the  deviation  of  the  emergent  ray  from  the  course  of  the  incident 
ray,  will  be  the  least  possible.  The  ray,  V  rt,  will  emerge  in  the  direction  eip'y 
and  /"  n  will  emerge  in  the  direction  off\  each  deviating  more  from  the  direc- 
tion of  the  incident  ray  than  n'  />  deviates. 

If  a  candle  is  viewed  through  a  triangular  prism,  on  slowly  taming 
the  prism  about  its  axis,  a  certain  position  will  be  found  where  the 
apparent  position  of  the  candle  differs  least  from  its  real  position.  In 
whichever  direction  the  prism  is  now  turned,  the  difference  between  the 
real  and  apparent  position  of  the  candle  increases. 

440.  Method  of  determining  the  index  of  refraotion. — Let 
fwn'p,  fig.  341,  be  the  direction  of  the  ray  of  light  when  the  deviation  cmasod 
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by  the  prism  is  a  minimum.  Draw  k  h  parallel  to  the 
incident  ray,  I n,  and  rho  parallel  to  the  emergent  ray, 
n'  p.  Let  D  =  hbr,  the  entire  deviation  caused  by  the 
prism ;  d  *=  Kb  n,  the  complement  of  the  angle  of  inci- 
dence; ff  c=  a  be,  the  reft'acting  angle  of  the  prism; 
f  Bs  n'  6  o  <==  e  n'  p,  the  complement  of  the  angle  of  emer- 
gence. In  this  case  the  angles  of  incidence  and  emer- 
gence are  equal,  hence  d  =  q  =  90°  —  t,  t  being  the 
angle  of  incidence,  D  =  180°  —  d  —  g  —  q;  substituting  in  this  equation  the 
values  of  d  and  q,  we  have  D  =  2 1  —  g,  and  t  =  ^  (D  -{-  9)'  I^^  '  and  jr,  at 
in  fig.  339,  represent  the  angles  formed  with  the  perpendiculars  by  the  ray 
traversing  the  prism,  x  -\-  y  =  g,  and  when  the  angles  of  incidence  and  emer- 
genoe  are  equal,  x  =  y.    If  n  equals  the  index  of  refraction,  we  sliall  hav6^— 

sin.  h[l>  -{-  g) 


sin.  t 


sm. » 


or. 


n 


sin.  *  n 
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Now  when  the  angle  of  miuimum  deviation  and  the  refracting  angle  of  the 
priam  are  meaanred,  this  formula  enables  us  at  onoe  to  determine  the  index  of 
refraction.  In  this  minner  the  index  of  refraction  of  any  substance  is  easily 
determined. 

441.  Plane  glass. — A  raj  of  light  passing  through  a  plane  glass,  or 
any  other  medium  of  uniform  density  bounded  by  parallel  faces,  will 
have  the  emergent  ray  parallel  to  the  incident  ray.  Parallel  rays  of 
light  passing  through  plane  glass  are  parallel  after  emergence,  and  the 
emergent  rays  are  parallel  to  the  incident  rays. 

If  the  two  surfaces  of  the  transparent  medium  are  parallel,  it  is  evident  that 
(he  ray  of  light  traversing  the  medium  will  make  equal  angles  with  the  perpen- 
dienlar  at  both  surfaces.  Let  /he  the  angle  of  incidence,  R  the  angle  of  refrac- 
tion at  the  first  surface,  and  also  the  internal  angle  of  incidence  on  the  second 
surface,  and  E  the  angle  of  emergence.  Then,  if  n  represents  the  index  of 
refraction,  we  shall  have : — 


Sin.  f  =  n  sin.  B  ==  sin.  E 


1=^  £: 
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Or  the  angles  of  incidence  and  emergence  are  equal,  and  the  incident  raj  is 
parallel  to  the  emergent  ray.  The  same  is  true  for  any  number  of  rays ;  hence 
also  pu'allel  incident  rays  will,  after  passing  through  the  glass,  emerge  parallel. 

Let  M  N,  fig.  342,  be  a  plane  glass,  or  any  medium 
bounded  by  parallel  surfaces,  the  rays  A  B,  A'  B',  will  be 
refiraoted  towards  the  perpendicular,  on  entering  the  medium, 
and  emerging  at  C,  C,'  they  will  be  refracted  from  the  per- 
pendicular, and  take  the  directions,  C  D,  C  D',  parallel  to 
eaeh  other,  and  parallel  to  their  directions  before  entering 
the  medium.  The  displacement,  A  a.  A'  a',  is  the  lateral 
aberration  produced  by  transmission  through  a  homogeneous  medium  bounded 
by  parallel  surfaces.  The  amount  of  lateral  aberration  increases  with  the  thick- 
ness of  the  medium,  and  it  also  increases  with  the  obliquity  of  the  incident  rays. 

442.  Light  passing  throagh  parallel  strata  of  different  media. 
— It  is  found  by  experiment  that  if  a  ray  of  light  passes  through  a 
series  of  plates  of  dense  media,  all  the  refracting  surfaces  being  parallel 
planes,  that  the  emergent  ray  is  parallel  to 
the  incident  ray.  It  therefore  follows,  that 
the  direction  of  the  ray  in  passing  through 
any  one  of  the  plates  is  parallel  to  the  course 
it  would  have  taken  if  it  had  entered  the 
plate  directly,  or  if  that  plate  bad  been  the 
first  in  the  series. 

Let  P  A  B  C  Q,  fig.  343,  be  the  course  of  a  ray 
of  light  pasting  through  two  parallel  strata  of 
dense  media,  the  second  medium  being  more  dense 
than  the  first,  and  P'  D  E  Q'  the  course  of  a  ray  passing  through  the  8e<*nDd 
medinm  without  entering  the  first ;  if  P  A  is  parallel  to  P'  D,  C  Q  will  be  psrallol 
to  B  Q',  and  also  B  C  will  be  parallel  to  D  E.     We  may  eonsider  the  raj  of 
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light  u  pMBing  in  the  opposite  direction,  and  make  n"  the  iiidaz  of  nfri«tiM 
for  the  medium  traversed  hj  the  ray  G  B,  then  sin.  QCp*  =^  n"  sin.  B  C  ^ 
hence  the  angle  hC  p  depends  only  on  the  direction  of  the  emergent  rmy  C  (^ 
parallel  to  the  incident  ray  P  A,  and  upon  the  index  of  refraction,  h",  of  tiM 
lower  medium.  Lvt  w  A  m',  n  Ji  h\  pC  p',  be  perpendicalar  to  the  reAraeting 
snrfices  at  A,  B,  and  C,  and  let  n  be  the  absolute  index  of  refraction  for  the 
first  me  lium,  n"  that  of  the  second  medium,  and  w'  the  index  of  rafra«tio&  Ibv 
light  passing  from  the  first  medium  to  the  seoond: — 


Then, 


ft 


sin.  PAm  sin.  QCp' 

sin.  B Am' '  ^  sin.  BCp  ' 

sin.  ABn        sin.  BAwi'        sin.  BAm'       sin.  QCp'        »< 
~  sin.  CBn'  "~   sin.  BCp  ~"  sin.  PAm  ^  sin.  BCp  "^  T' 

Hence :  The  index  of  refraclion  for  light  passing  from  one  medium  to 
another^  ut  equal  to  the  index  of  refraction  of  the  second  tnedium  dioided 
by  the  index  of  refraction  of  the  first  medium. 

443.  Pencils  of  light  refracted  at  plane  anrfiioea. — When  a 
pencil  of  light  falls  upon  a  plane  surface  of  any  dense  mediam,  it  it  w 
changed  by  refraction  that  a  diverging  pencil  is  made  to  diyerge  fnm 
a  focus  without  the  medium  more  distant  from  the  dense  mediam  than. 
before  it  entered  it;  and  a  converging  pencil  is  made  to  oonTerge  to  ii» 
focus  within  the  dense  medium  more  distant  from  its  surfiuse  than  befbie.. 

Let  Q,  fig.  344,  be  the  focus  of  incident  844 

rays,  and  Q  A  B  the  ray  which  enters  the 
medium  perpendicularly  to  its  surface,  suffer- 
ing no  deviation.  Let  Q  P  be  any  obliqne 
ray  meeting  the  surface  at  P ;  let  N  P  N'  be 
drawn  perpendicular  to  the  refracting  surface 
at  P,  it  will  also  be  parallel  to  Q  A  B ;  let 
P  R  be  the  refracted  ray  which  being  extended 

backward  moots  the  line  A  Q  at  q'.    The  angle  of  ineidenee  QPN  =  PQA, 
the  angle  of  refraction  RPN'  =  P^'A. 


Also  the  index  of  refraction,  n  = 


PA 


sin.  QPN  __  sin.  PQA 
sin.  RPN'  ~  sin.  P^'A' 
PA 


Sin.  PQA  =  —  ;  sin.  Po'A  = 

PQ  *  Py' 


PQ' 


[f  the  pencil  is  very  small,  PQ  =  AQ,  and   P9'   =   Af'  nearly,  ben 
Aq'  =  n.  AQ.     If  we  let  AQ  =  «,  and  A^'  =  «',  then  a'  ==  nm,  which 
the  point  9',  from  which  the  pencil  diverges  after  refraction. 

When  the  pencil  is  large,  and  P  is  so  far  from  A  that  we  cannot  c 
QP  =  QA,  let  t  =  the  angle  of  incidence,  1'  =  angle  of  refraction: — 


Wo  have  QP  = 


u 


COS.  t 


.;  y'P  = 


COS.  I 


:i 


And  since  g'P  =  n.QP  .*.  11' 


cot.  t' 

n.         .  a. 

001.  % 
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SiiiM  |]i«  eofine  of  i*  u  greater  than  cosine  of  t,  this  last  ralue  of  «  in  g-.eater 
than  an,  the  first  value ;  this  shows  that  a  pencil  of  light  suffers  aberration 
when  refracted  at  a  plane  surface.  The  formula  also  shows  that  m'  is  greater 
than  Mf  or  that  the  focus  of  the  pencil  after  refraction  is  more  distant  Uian  the 
foeu  of  the  ineident  rays.     If  the  pencil  of  345 

inoident  rays  eonrerges  to  a  point,  Q,  within 
the  dense  medium,  as  in  fig.  345,  the  pencil  of 
the  refracted  rays  will  converge  to  point  q*. 
Solving  the  triangle  Q  P  q',  we  should  find  the 
same  result  as  before ;  or  Ag'  =  n. AQ. 

Therefore:  When  a  pencil  of  light  ii 
refracted  at  a  plane  surface^  thefwma  of 
the  refracted  rays  is  on  the  same  side  of  the  refracting  surface  as  the 
focus  of  incident  rays,  and  cU  a  distance  equal  to  the  distance  of  the 
focus  of  incident  rays  multiplied  by  the  index  of  refraction. 

If  the  rays  had  been  proceeding  from  the  dense  medium  to  a  rarer 
medium,  as  from  ^,  fig.  345,  or  towards  ^,  fig.  344,  then  the  focus  of 
refracted  rays  would  be  at  Q,  or  nearer  to  the  refracting  surface  than 
the  focus  of  incident  rays. 

If  the  rays  proceed  from  a  dense  to  a  rarer  medium,  and  if  n  still 
represent  the  index  of  refraction  for  light  entering  the  dense  medium, 
the  index  of  refraction  for  light  passing  from  the  dense  to  the  rare 

medium  will  be  n^  =  -. 

n 

The  index  of  refraction  for  light  passing  from  air  into  water  is  n  =  }, 
and  hence  n^=^-^=i,  for  light  passing  from  water  into  air. 

If  therefore  u  represents  the  actual  distance  of  an  object  below  the 
surface  of  water,  and  u^  its  apparent  distance,  u^  =  n\u  =  f  u,  that  is, 
the  apparent  distance  below  the  surface  of  the  water  is  only  three-fourths 
of  the  real  distance ;  or  water  is  a  third  deeper  than  it  appears  to  be. 
As  every  point  in  an  object  appears  elevated  one-fourth  as  much  as  its 
distance  below  the  surface  of  the  water,  a  pole  or  cane  thrust  obliquely 
into  the  water  appears  bent,  or  broken  (406),  just  at  the  surface  of  the 
water. 

It  follows  also,  from  Uie  preceding  considerations,  that  an  object  im* 
mersed  in  water,  or  any  other  transparent  dense  fiuid,  appears  larger 
than  when  seen  in  the  air. 

As  the  atmosphere  diminishes  in  density  very  rapidly  above  the 
earth's  surface,  a  man  upon  the  top  of  a  steeple  or  tower  looks  much 
smaller  than  when  seen  at  an  equal  distance  on  level  ground  ;  and  an 
otgect  at  the  foot  of  the  tower,  will,  for  the  same  reason,  appear  larger 
when  newed  fW)m  the  top  than  if  placed  at  the  top  of  the  tower  and 
▼iewed  from  below. 
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444.  Pen  Oils  of  light  traiuMiiitted  throagh  pUne  glass  ^'^  htn 
a  pencil  of  light  is  transmitted  through  a  plane  glass,  the  focus  of  tbe 
emergent  rays  is  removed  from  the  focus  of  the  incident  rays,  in  the 
direction  that  the  light  is  moving,  a  distance  equal  to  the  quotienl 
arising  from  dividing  the  thickness  of  the  glass  by  the  index  oi  refr«e> 
tion,.and  multiplying  the  quotient  by  the  S46 

index  of  refraction  diminished  by  unity. 

Let  a  pencil  of  light  fall  npon  a  plane 
glass,  fig.  .346,  80  that  Q  A  shall  be  perpen- 
dicular to  the  surface  of  the  glass,  and  QP 
an  oblique  ray,  Q  A  will  be  transmitted  in  the 
line  Q  A  B  without  deviation,  and  Q  P  will 
be  refracted  in  the  direction  9'  P  R,  and 
emerge  in  the  direction  7  R,  9  being  the  focus 
of  the  emergent  rays.     Let  Q  A  «=  «,  9'  A  «> 


u'Bq 


and  A  B  -«  c 


By  the  formula  already  demonstrated  (44S),  if  tlte  pencil  is  small 
and  if  the  pencil  had  entered  the  other  side  of  the  plate,  converging  to  9, 
have. 


we  should 


Bq*  =  ii.B^  ;    or,  <  -f 


mv 


t-{-nu. 


I 


Henoe  o  ss  «-{--,  by  which  the  position  of  9  is  deiermined.    The  displaoement 


of  the  focus  Q9«6Q  —  B9  —  u-j-l 


— '(»-;)-V'- 


Or  the  rays  diverge,  after  emerging  from  the  glass,  f^m  a  point  nearer  to  the 
glass  than  the  focus  of  the  incident  rays. 

If  we  suppose  the  rays  to  proceed  in  the  opposite  direction,  we  shall  have  the 
case  of  a  converging  pencil,  and  the  focus  of  the  rays  after  emergence  wQl  be 
more  distant  from  the  first  surface  of  the  glass  than  before.  In  both  eases  the 
focus  of  the  rays  is  removed  in  the  same  direction  that  the  light  is  proceeding. 
If  we  take  the  case  of  plate  glass,  for  which  n  =  J,  the  distance  to  which  the 
focus  is  removed  is  equ^  to  ^  the  thickness  of  the  glass. 

III.  REFRACTION  AT  CURVBD  SURFACES. 

445.  Principles  determining  the  fooi  of  lenses. — ^A  double 
convex  lens  may  be  regarded  as  composed  of  a  number  of  segments  of 
prisms,  the  faces  of  each  t4T 

prism  more  inclined  as 
we  proceed  from  the 
centre  to  the  borders  of 
the  lens,  as  shown  in  fig. 
347.  The  central  por- 
tion, abcdf  may  be  re- 
garded as  a  plane  glass,  having  its  faces,  a  c,  6  d,  parallel,  a  gfb  has 
its  face,  ag,  inclined  towards /6,  and  the  triangular  prism,  ghf^  has 
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its  sides  still  more  incliDed.  Now  since  the  deviatioD  of  aoj  ray  pass- 
ing  through  a  prism  increases  as  the  inclination  of  the  two  faces  of  the 
prism  increases,  s  I  will  deviate  more  than  a  i,  and  if  the  form  of  each 
prism  is  properly  adjusted  to  its  distance  from  the  axis,  M  N,  the  rays, 
9 1  and  si,  or  any  number  of  rays,  may  be  made  to  meet  at  a  common 
pointy  R,  in  the  axis  M  N. 

If  the  segments  of  prisms,  of  which  we  suppose  such  a  lens  to  be 
composed,  are  made  sufficiently  small,  so  that  each  face  shall  receive 
but  a  single  ray  of  light,  the  sides  of  the  successive  prisms  will  form  a 
regular  curve,  which,  if  the  lens  be  of  small  diameter,  will  correspond 
almost  exactly  with  a  segment  of  a  sphere. 

On  account  of  the  great  difficulty  of  grinding  lenses  with  any  other 
than  spherical  or  plane  surfaces,  other  forms  are  seldom  employed,  and 
require  no  discussion  in  an  elementary  work. 

446.  Small  pencils  of  light  refracted  at  a  spherical  surfaoe 
have  the  position  of  their  348 

foci  changed. 

Let  P  A  P',  fig.  348,  be  a 
eonvez  spherioal  surfaoe  of  a 
dense  medium,  0  being  the 
eentre  of  ennraUire  of  the 
dense  medium,  Q  the  focus  of 
the  inoidMit  rajs,  and  q'  the  focus  of  the  refracted  rays.  Let  Q  A  g'  be  the  ray 
which  enters  the  medium  perpendicular  to  its  surface,  and  Q  P  another  ray  which 
is  refracted  in  P  f',  so  as  to  meet  Q  A  continued  in  q'.  Draw  0  P  N  perpendicular 
to  the  enrved  surface  through  the  centre  of  curvature  and  point  of  incidence. 

We  shall  then  have  the  angle  of  incidence  «  «>  Q  P  N,  the  angle  of  refractioL 
t'  »-  g'  P  0.    Let  P  0  A  -B  o,  then  from  the  triangle,  Q  0  P,  we  have  :— 

Sin.  t  :  sin.  o  »  Q  0  :  Q  P, 

and  from  the  triangle,  q*  0  P,  we  have : — 


Sin.  o  :  sin.  t'  =  g'  P 


q'O. 


r'O 


n.- 


,  then  the  last  formula 
n  —  l       1 


By  eompoanding  these  proportions  we  have  :-— 

sin.  f  QO      q^  QO 

dnTJ'  ■"  *  "■  QP  ^  ^'    **''  QP        Y  P 

Siaee  the  pencil  of  rays  is  very  small,  we  may  consider  Q  P  ■«  Q  A,  and 

9'  P  — i  f'  A  newly.    Let  Q  A  «-  «,  9'  A  *—  «',  A  0  »»  r, 

u-\-r  n'  —  r  n 

beeomes «-  «. ,  which  may  be  reduced  to  - 

•  ai'  u'  r  u 

If  we  suppose  Q  to  be  situated  at  an  Infinite  distance  from  A,  thr  incident 
rays  wHl  be  parallel,  and  we  shall  have  u  =  infinity,  and : — 

n         n  —  1  nr 

u*  r  n  —  1 

n         n         \ 
Makins  this  value  of  u'  =  /',  the  general  formula  will  be  --   = . 

80  "^ 
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Refraction  at  a  concave  enrface. — If  the  surfiMo  of  th«  dense  mediua^ 
is  ooncaTe,  m  shown  in  fig.  349,  let  Q,  m  849 

before,  be  the  focus  of  the  incident  rays,  q' 
the  virtaal  focus  of  the  refracted  rays,  and  0 
the  centre  of  eunrature.  Then  the  angle  of 
Incidence  t  =  Q  P  0 ;  the  angle  of  refraction 
I*' —  RPN <=9' PC ;  let  the  angle  P  0 A  >=  o. 
In  the  triangle  Q  P  0  we  have  : — 

Sin.  t :  sin.  o  =  Q  0  :  Q  P, 
and  from  the  triangle  g'  P  0  we  have : — 

Sin.  o  :  sin.  i'  =  q'  "P  :  q'  0, 

Combining  these  proportions  we  have : — 

8in.t  QO       9'P  QO  9' 0 

=:  n  = V :     or,  —  =  n. • 

sin.»'  QV'^q'O  QP  g' P 

The  pencil  being  small,  we  may  put  Q  A  =:  Q  P,  and  9'  A  =  9  P  nmAy,  sad 
putting  Q  A  =  tt,  9'  A  =  tt',  and  0  A  =  r,  we  have : — 


QO 
QA 


n. 


9-0 


or. 


r  ti' 

—  =  n.— 


n        n-r-  1        1         n        1 
From  this  we  obtain   -  = h  -  = h  •  >  ^  which/'  represent!  Ike 

valne  11'  when  u  =   infinity,  or  the  incident  rays  are  parallel. 

We  may  take  the  general  formula  for  refraction  at  a  conyex  sorface 
of  a  dense  medium,  and,  by  applying  proper  values  to  the  letters,  deduce 
formulae  for  all  other  oases,  whether  the  medium  be  dense  or  rare,  and 
the  refracting  surface  convex  or  concave. 

1 


In  the  formula  ->  = 

u^  r 


u 


we  have  supposed  the  value  of  u  measured  from  the  convex  sorfaoe  of 
the  dense  medium,  in  the  direction  A  Q  in  the  rarer  medium.  Calling 
this  direction  positive,  if  the  focus  of  incident  rays  were  taken  in  the 
dense  medium  u  should  be  considered  negative ;  u^  has  been  reckoned 
positive  when  measured  in  the  dense  medium,  therefore  if  it  is  measured 
in  the  rare  medium,  as  in  the  example  of  the  concave  dense  sarfaoe,  it 
should  be  reckoned  negative ;  we  also  reckon  r  positive  when  it  lies  in 
the  dense  medium,  and  negative  when  it  lies  in  the  rare  medium. 

Therefore,  to  apply  the  general  formula  for  a  convex  surlaoe  of  a  dense  medium 
to  the  case  where  the  incident  rays  converge  to  a  focus  in  the  lenie  mediimiy 

n         n  — 1        1 
we  make  u  negative,  and  the  formula  becomes    —  =  '  -\ — . 

u'  r  u 

To  adapt  the  formula  to  the  case  of  diverging  rays  reft-acled  at  the  ooneave 
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ipherieal  anrlkee  of  a  dense  medium,  we  make  r  negative,  and  the  formula  becomes 

n  n  — 1       1 

•  s  — ,  which  shows  that  u'  is  essentially  negative,  or  that  it  lies 

m'  r  « 

in  the  same  side  of  the  refracting  surface  as  the  centre  of  curvaUire. 

n         «  — 1        1 

If  then  we  change  the  sign  of  m'  in  the  formula,  it  heoomes  —  = 1 — . 

u'  r  u 

in  whieh  u*  represents  the  distance  of  the  focus  of  refracted  rays  measured  in  the 
direction  of  the  rarer  medium.  This  formula  is  the  same  as  was  deduced  from 
fig.  349,  where  the  same  conditions  were  applied  to  the  analysis  of  the  diagram. 
To  apply  the  formula  to  the  case  of  rays  of  light  proceeding  from  a  dense  to 
a  rarer  medium,  we  have  but  to  let  u  and  u'  change  places  in  the  formula,  and 
change  the  sign  of  r.  Making  these  changes  in  the  general  formula  for  a  convex 
surface  of  a  dense  medium,  the  formula  for  diverging  rays  refracted  at  a  convex 
rarface  of  a  rare  medium  will  become  : — 


n 


«— 1       1  1  n        «— 1 


.,  or  — 


u  r  w        u'  «  r 

The  formula  for  diverging  rays,  refracted  at  a  concave   surface  of  a  rare 

1         n       n 1 

medium  (by  similar  changes),  will  become  —  = . 

u'        u  r 

The  formula  for  converging  rays  issuing  from  a  convex  surface  of  a  dense 
medium,  or,  which  is  the  same  thing,  entering  a  concave  surface  of  a  rare  medium, 

n         n  — 1        1 

will  become = ;  w'  being  the  focus  of  rays  traversing  the  dense 

V  r  V 

medium,  and  v  the  focus  of  rays  issuing  from  a  dense  medium  or  entering  a  rare 
medium. 

447.  Action  of  a  doable  convex  lens  upon  small  pencils  of 
light. — ^Let  P  A  P'  B,  fig.  360,  be  a  double  convex  lens,  of  which  r  is  the  radius 
of  the  first  surface,  and  ^  the  35q 
radius  of  the  second  surface. 
Lei  Q  be  the  focus  of  the  inci- 
dent rays,  q'  the  focus  of  the                  

rays  after  refraction  at  the    SJ^'--"...... «* 

first  surface  of  the  lens,  and  

q  the  focus  of  the  rays  as  they 

emerge  from  the  second  snr- 

fiMO  of  the  lens.    Also,  let  Q  A  =  u,  A  g'  =  u',  B  9  =  r,  and  the  thickness  of 

ttie  lens  A  B  ss  I. 

After  refraction  at  the  first  surface,  we  shall  have  (448)  —  = . 

a'  r  « 

n          n  —  l       1 
By  refiaetion  at  the  aeeond  surface,  we  have  (448)  —  -— -  = . 

11  the  thiokness  of  the  lens  is  so  small  that  when  compared  with  69'  it  may  be 
oeglected,  we  make  B  9^  :=  A  9'  =  u'  nearly ;  adding  the  two  preceding  equations ; 

,»  — 1       I.— 1        11  1  /I        1\        1 

0=  + .      Or-  =(n-l)  (-4--)--. 
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1  1  / 1         1  \ 

For  pandlel  raya,  «  ^  infinity,  -  =  0,  and  -=(i»  —  1)|-+      )• 

u  V  \r         • / 

Let  /=  thia  valae  of  v  when  the  incident  raya  are  parallel,  and  the  general 

1        1        1 

formula  for  a  doable  convex  lena  beoomea  —  =  ^ . 

V        /        u 

If  t  ia  amall,  bat  not  amall  enoagh  to  be  neglected,  we  ahall  have  : — 

n  n  »         nt  /  n^  \ 

""  57'  "^ ""  M^^  ^  "  i;^  ■"  t»^«  "^  ^i7«  "^  ^'*' ""  '7' 

bnt  aa  t*  muat  be  very  amall  compared  with  u'\  the  quantity  contained  m  the 
bracketa  may  be  neglected ;  hence. 


nt        n  —  1        1 

n         n—l        1 

u'            r           u 

I                         / 1         1  \        1         nt 
Adding  and  tranapoaing,  -  =  (n  —  1)  (-  -j —  ) 1-  — ; 

n         n  —  l        1  nt  t    /n-^l         lv» 

u'  r  H  «'*         n   y      r  *  /   * 

1  1        1  t     /n  —  l        1  \» 

And    -  = -f  -  ( 1   . 

V        J        u         n\r  u  I 

Conclaaions  deduced. — Analysis. — 1.  Parallel  rays  of  light  fall- 
ing upon  a  convex  lens,  A  B,  fig.  351,  will  be  refracted  to  some  point, 
as  F,  on  the  other  side  of  351 

the  lens.  The  distance  of 
the  foouR,  F,  from  the  lens, 
will  depend  upon  the  amount 
of  curvature,  and  also  upon 
the  refractive  power  of  the  substance,  of  which  the  lens  is  composed. 
If  the  two  surfaces  of  the  lens  have  the  same  curvature,  and  the  index 
of  refraction,  as  for  ordinary  glass,  is  one  and  a  half,  the  focus  of 
parallel  rays,  called  the  principal  focus,  will  be  at  a  distance  from  the 
lens  equal  to  the  radius  of  curvature  of  either  surface  of  the  lens. 

1  /I       1 \       1        '       3 

In  the  formula  -  =  (n  —  1)  (      -j —  ) ,  let  a  =  -,  the  index  of  refrae- 

r  \r        9  /        u  2 

tion  for  ordinary  glaaa,  then  ainoe  the  incident  raya  are  auppoaed  to  be  pai^Uel, 

1 
«  ^  00,  and  -  =  0,  and  if  the  two  aurfacea  of  the  lena  have  the  same  carvatnre. 
II 

1        1/1        1\        1 
r  =  •,  and  the  formula  becomea  -  =  -  (  — j —  I        —    .*.    e  =  r,  or  F  the 

V        2  \r         r/         r 

focna  of  parallel  raya  ia  at  a  diatanoe  from  the  lena  equal  to  tha  radiua  of 
curvaUire. 
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%  Dioerging  rays, — If  the  rays  falling  upon  the  lens  come  from  a 
point,  R,  at  a  distance  from  the  lens  equal  to  twice  the  principal  focus, 
they  will  converge  to  a  point,  S,  at  an  equal  distance  on  the  other  side 
of  the  lens. 

It  will  be  OMily  seen  from  fig.  351,  that  the  angles,  X  and  Z,  are  eqnal  to 
each  other  (being  the  alternate  angles  formed  by  the  straight  line,  R  A,  meeting 
two  parallel  lines),  and  also  that  the  angles,  X  and  0,  are  equal.  In  the 
triangle,  ASF,  the  sides,  F  A  and  F  S,  are  equal,  hence  the  angles,  0  and  T, 
are  eqnal,  and  Y  equals  Z,  therefore  if  the  incident  ray  is  bent  inward  to  a  dis- 
tance represented  by  the  angle,  Z,  the  refracted  ray  must  be  bent  outward  by  aa 
equal  angle,  T,  by  which  means  the  radiant  point  is  removed  from  F,  the  princi- 
pal focus  of  pandlel  rays,  to  S,  which  is  at  double  the  distance  of  F. 


The  formula  shows  the  same  thing.    Making  u  • 
If  the  radiant  point  is  taken  more  distant  than  R, 

•   85S 


2r,  we  find  v  =  2r. 
at  V,  fig.  352,  the 


conjugate  focus  will  be  removed  from  S,  to  some  point,  T,  between  S 
and  the  principal  focus. 

The  formula  will  then  give  —  = r— 77  ;  —  >  <r  J  or  »  <  2r. 

3.  Converging  rays, — ^If  rajs  of  light  falling  upon  the  lens,  A  B,  fig. 
353,  converge  towards  a  point,  Y,  be-  353 

fore  refraction,  they  will  converge, 
after  refraction,  towards  a  point,  T, 
between  the  principal  focus,  F,  and  the 
lens.  Conversely,  if  rays  of  light 
diverge  from  a  point,  T,  between  the 
lens  and  its  principal  focus,  they  will  diverge  after  passing  through 
the  lens,  from  a  virtual  focus,  Y,  more  distant  than  the  principal  focus. 
In  the  first  case  u  becomes  essentially  negative,  and  with  the  same 

yalues  of  n,  r,  and  9  the  formula  becomes  -  =  — f-  - :  and  as  -  is 

vru  V 

greater  than  -^  v  must  be  less  than  f^  hence  T  lies  between  the  princi- 
pal focus  and  the  lens. 

4.  Planoconvex  lenses, — The  action  of  a  plano-convex  lens  is  in 
general  the  same  as  that  of  the  double  convex  lens,  but  its  foci  are  at 
double  the  distance,  the  principal  focus  being  at  a  distance  equal  to 
twice  the  radius  of  the  curved  surface. 

80* 
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To  adopt  the  formula  to  this  caae,  we  make  n  =  f ,  aod  r  =  od,  henoo 

-  =  r- .    If  the  rays  are  parallel,  -  =  0,  and  ©,  or /*=  2ff. 

448.  Action  of  a  doable  concave  lens  upon  small  pencils  of 
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Ught.— Let  P  A  P'  p'  B  p,  fig. 
354,  be  A  double  oonoave  lens 
of  a  dense  medium,  r  being  the 
radius  of  tbe  first  surface  and  • 
the  radius  of  the  second  surface. 
Let  Q  be  the  foous  of  tbe  inci- 
dent rays,  q*  the  foeos  of  the  ^ 
Thjs  after  refraction  at  the  first 
surface,  and  q  the  foous  of  the 

emergent  rays  p  R,  p'  R'.     Let  Q  A  =  «,  Aq*  =  u',  B  g  =  e,  and  A  B  =s  I. 
According  to  the  formula  for  refraction  at  a  concare  dense  sorflaoe  (440) : — 

and  by  the  formula  for  rays  emerging  from  a  conoare  dense  surface, 

n     _        It  — 1       1 

By' ""  •  v' 

If  the  thickness  of  the  lens  is  so  small  that  when  compared  with  B  q'  it  may 

be  neglected,  and  that  we  may  consider  Bq'  =  Aq'  =  u',  combining  these  tvs 

1  /I        1   \        1  111 

equations  we  have  -  =  (  i»— il)  I  -  4-  -  J  H — .     Or,  — =  .  -I . 

V  '  \r         9  /        u  9       /    '    u 

If  the  thickness  of  the  lens  is  too  great  to  be  neglected,  we  find  by  the  suns 

1       1       1        «  /  "   \* 

method  as  for  a  convex  lens  —  =  — I (  --^  1 

9       /       «        n  \u'*  /' 

This  formula  for  the  double  concave  lens  may  be  deduced  directly  from  ths 
formula  for  the  double  convex  lens,  by  substituting  in  that  formula  for  r  and 
«,  —  r  and  -~  «,  and  as  the  value  of  v  would  then  be  negative,  changing  thai 
sign  also  when  its  positive  value  is  reckoned  on  the  same  side  as  u. 

Conclusions  deduced  from  analysis. — A  ooncave  lens  produces, 

upon  rays  of  light  transmitted  through  it,  an  355 

effect  tbe  opposite  of  that  produced  by  a  con- 

yex  lens. 

1.  Para^ray«of  light,  transmitted  through 
a  double  concave  lens,  diverge  from  a  virtual 
focus  in  front  of  the  lens,  as  shown  in  fig. 
355 ;  tbe  virtual  focus  being  at  tbe  centre  of  the  sphere  of  which  the 
first  surface  forms  a  part.    This  is  its  principal  focus. 

2.  Diverging  rays. — If  the  radiant  point  is  more  distant  than  tbe  prin- 
cipal focus,  as  at  B,  fig.  356,  the  virtual  355 
conjugate  focus,  A,  will  be  between  the 
principal  focus,  F,  and  the  surface  of  the 
lens,  aod  the  rays  will  diverge  after  re- 
fraction. 

3.  Converging  rays,  transmitted  through  a  ooncave  lens,  will  be  ren- 
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dered  less  oonyergent,  parallel,  or  divergeLt,  depending  upon  the 
distance  of  the  point  towards  which  they  oonyerge  before  entering 
the  lens. 
The  abore  propositiont  are  easily  proved  by  reference  to  the  formnia  for  a 

danble  eoncare  leni,  -  =  (»  —  1)  (  — I —  ]  -\ • 

9  \r         •  /        u 

449.  Roles  for  determining  the  foci  of  lenses. — When  lenseR 
are  made  of  glass  whose  refractive  index  is  one  and  a  half,  their  f«>ci 
may  be  determined  by  the  following  rules : — 

Rule  for  the  Principal  Focus, 

Divide  twice  the  prodoet  of  tbe  radii  by  their  difference,  for  the 
meniscus  and  concavo-convex  lenses,  and  by  their  sum,  for  the  double 
convex  and  double  concave  lenses.  The  quotient  will  give  the  focus  for 
parallel  rays.  The  focus  of  parallel  rays,  or  principal  focus,  of  the 
plano-convex  or  planonQoncave  lens,  is  double  the  radius  of  curvature. 

BuU  for  the  Conjugate  Focus,  when  the  Focus  of  the  Incident  Rays  is 

gwcn. 

Multiply  the  length  of  the  principal  focus,  with  its  proper  sign,  by 
the  focus  of  the  incident  rays,  and  divide  the  product  by  the  difference 
between  the  principal  focus  and  the  focus  of  incident  rays,  and  the 
quotient  will  be  equal  to  the  conjugate  focus. 

If  the  diitanoe  of  the  fooni  of  incident  rays  is  less  than  the  prineipal  foens, 
the  value  of  the  eo^jngate  focas  will  be  positive,  and  it  will  lie  on  the  same  side 
of  the  lens  as  the  foens  of  incident  rays ;  but  if  the  value  of  the  foens  of  inoi- 
dtont  rays  is  greater  than  the  principal  foens,  the  value  of  the  conjugate  focus 
will  be  negative,  and  the  focus  of  refracted  rays  will  lie  on  the  other  side  of  the 


450.  Combined  lenses. — If  two  convex  lenses,  A  A,  B  B,  are  placed 
near  together,  as  in  fig.  357,  their  com-  357 

bined  focus  will  be  shorter  than  that 
of  either  lens  used  alone. 


Let  parallel  rays  be  refracted  by  the  first ' 
lens,  A  A,  to  a  focus  at  N ;  represent  the  distance  of  this  point  from  the  first  lens 
bj/%  and  let  the  distance  between  the  lenses  be  represented  by  a,  let/"  repre- 
sent the  corresponding  focal  length  of  Uie  second  lens  for  parallel  rays,  and 
f  the  distance  of  the  focus  L  from  die  second  lens.     In  the  general  formula 

ill 

-  =s  ^ ,  eonsidered  w.  th  reference  to  the  second  lens,  a  =>  —  (/'  —  a),  and 

9       /        u 

/beeomee/",  v  sa/,  and  we  have: — 

1        1^  1  /"  X  if  - «) 
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If  the  dijtanoe  between  the  lenses  is  nothing,  then  for  the  foous  of  panltel 
/"  X/' 


rays,  /  = 


/"  +  / 


For  rays  not  parallel,  the  formula  will  be: — 


•'  —  a 


I  ,  ^-f 

II  1 


When  the  lensei  are  in  contact,  —  ==  — I *    For  any  number  of  leues 

V  f         f"  M 

1  1.1  1.1..  1  ./1\  1 

in  oontaot,  -  =  r,  -f  77,  +  ^i;;:  +  :=  +  *«•> =  -  (  ->  1 

451.  Oblique  pencils,  when  transmitted  through  lenses,  haye  their 
fooi  in  secondary  axes,  and  their  foci  are  determined  by  the  same  roles 
as  the  foci  of  direct  pencils  in  the  principal  axis. 

It  has  been  shown,  in  ^  439,  that  a  ray  of  light  transmitted  through  a 
prism  in  a  direction  parallel  to  its  base,  suffers  the  least  deviation  possible; 
hence  in  ererj  other  position  the  deviation  is  increased.  From  this  prine^le  tt 
follows  that  the  foci  of  oblique  pencils  transmitted  through  lenses  will  be  aOBia* 
what  shorter  than  the  foci  of  direct  pencils.  This  fact  requires  oonsideratkm  ia 
the  formation  of  the  images  of  large  objects.     (See  |  455.) 

452.  The  optical  centre  of  a  lens  is  a  point  so  situated  that  ereiy 
ray  of  light  passing  through  it  will  358 

undergo  equal  and  opposite  refrac- 
tion on  entering  and  leaving  the 
lens.  It  will,  therefore,  be  found 
where  a  line  joining  the  extremi- 
ties of  two  parallel  radii  of  the 
opposite  surfaces  cuts  the  axis  of 
the  lens. 

Let  S  P  R  Q,  fig.  358,  be  a  ray  of  light  passing  through  a  double  convex  lens 
so  that  the  radii  0'  P,  0  R,  drawn  ttom.  the  points  of  incidence  and  emergtaot 
are  parallel.    Let  0  be  the  point  where  this  ray  intersects  the  axis  of  the  kna 
The  triangles  0'  0  P,  0  0  R,  are  similar,  hence : — 

0'P:0'C  =0R:0C; 

O'P  — O'CrOR  — OC  =  0'P:OR; 

AC  :BC  -=  O'PrOR; 

AC  -f-  BO:0'P  +  0R  =  AC:0'P. 

Putting  O'P  =  r,  OR  =  •,  and  AB  =  I. 

.  -  '       «r  to 


AC 


AC  = 


B0  = 


If  the  lens  were  double  concave,  r  and  •  both  become  negative,  but  the  valuei 
of  A  C  and  B  C  remain  undhanged.  Since  these  values  are  both  positive  and 
constant,  whatever  may  be  the  positions  of  the  points  P  and  R,  the  optieal 
centre  of  a  double  convex  or  double  eoncave  lens  will  be  a  fixed  point  in  the 
lens.     For  a  plano-convex  or  plano-concave  lens,  r=  00,  AO  =  ^BO=s<lt 
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The  opticml  otnin  will  b«  At  the  tnteraeoiion  of  the  axie  with  the  earred  inrface. 
For  a  menisenBy  either  r  or  •  will  he  negative,  and  the  formula  ehow  that  in 
that  ease  the  optical  oentre  will  be  situated  without  the  lens  at  a  point  depend- 
ing upon  the  relatire  ralues  of  the  two  radlL 

All  rays  of  light  passing  through  the  optical  centre  emerge  from  the 
lens  parallel  to  the  incident  rajs.  The  position,  form,  and  foci  of  all 
pencils  of  light  passing  through  a  lens  are  determined  by  their  relation 
to  some  line,  or  secondary  axis,  passing  through  the  optical  centre  of 
the  lens,  whether  any  ray  of  light  from  the  radiant  point  actually 
paaios  through  that  centre  or  nOt. 

453.  Images  formed  by  lenses. — If  an  object  is  placed  before  a 
oonTCx  lens  at  a  greater  distance  than  the  principal  focus,  an  image  of 
the  object  will  be  formed  on  the  other  side  of  the  lens. 

If  from  the  extremities  of  the  object  A  B,  fig.  359,  the  secondary  axes,  A  a, 
B  b,  are  drawn  through  the  optical  centre  of  the  359 

lens,  the  image  will  be  formed  between  these 
axes  prolonged,  at  a  distance  equal  to  the  con- 
jngate  focus  of  the  lens,  estimated  separately  for 
eirery  point  of  the  object.  If  the  object  is  placed 
beyond  the  principal  focus,  and  at  less  than 
twice  this  distance,  the  image  will  be  more  distant  and  larger  than  the  object. 
If  the  object  recedes  from  the  lens,  the  image  will  approach  it.  When  the 
ol^ect  is  remored  from  the  lens,  more  than  twice  the  principal  focus,  the  image 
will  be  smaller  than  the  object,  and  it  will  gradually  approach  the  lens,  and 
diminish  in  sise  as  the  object  recedes.  The  image  can  never  approach  nearer  to 
the  lens  than  the  principal  focus.  The  linear  magnitude  of  the  image  as  com- 
pared with  the  object  will  be  proportional  to  their  respective  distances  from  the 
leiM. 

If  the  object  is  placed  nearer  to  the  lens  than  the 
principal  focus,  as  A  B,  fig.  360,  the  rays  will 
diverge  after  passing  the  lens,  and  a  virtual  image, 
a  b,  will  be  formed  on  the  same  side  of  the  lens  as 
the  object.  The  virtual  image  formed  by  a  convex 
lens  is  always  larger  than  the  object 

If  an  object,  A  B,  fig.  361,  is  placed  before  a  concave  lens,  the  rays  from 
every  point  of  the  object  will  diverge  after  refraction  more  than  they  did 
before  entering  the  lens ;  consequently  a  virtual 
image,  smaller  than  the  object,  will  be  formed  on 
the  same  side  of  the  lens.  The  sise  of  the  virtual 
image  will  be  in  proportion  to  its  distance  from 
the  lens. 

454.  Spherioal  aberration  of  lenses. — It  has  been  assumed  that 
spherical  lenses  bring  rays  of  light  issuing  from  a  point  to  a  sensible 
focus.  For  many  purposes,  howeyer,  greater  accuracy  is  required, 
and  it  becomes  necessary  to  consider  the  imperfections  of  spherical 
lenses. 
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If  the  diameter  of  the  lens  Y  W,  fig.  362,  is  large  in  proportion  tu  iti 
radius  of  earratare,  rays  of  parallel  light  M2 

will  not  be  brought  to  an  accurate  focus, 
but  while  the  central  rays  cross  the  axis  at 
F,  the  extreme  rays  will  intersect  the  axis 
at  Q,  and  intermediate  rays  will  intersect 
the  axis  at  every  possible  point  between 
F  and  G.  The  distance,  F  Q,  is  called  the  longitudinal  apherieal  aberra- 
tion of  the  lens. 

For  lenses  of  small  aperture,  the  aberration  is  nearly  in  proportion  to  tbe  square 
of  the  angular  aperture  of  the  lens ;  but  for  lenses  of  larger  aperture,  the  aberra- 
tion inoreases  more  rapidly  than  would  be  required  by  this  proportion.  If  the 
length  of  the  principal  focus  be  taken  as  unity,  the  longitudinal  aberration  for 
lenses  of  different  angular  apertures  will  be  as  follows : — 

For  lb'*  the  aberration  will  be  0-025, 

ti    22®    "         "  "     "  0*062, 

"    30"    "         "  "    "  0*160, 

«    450    u  u  ft     if  0.375^ 

This  effect  of  spherical  lenses  causes  images  to  be  formed  at  erery  point 
between  F  and  G,  the  rays  going  from  each  image,  more  or  less  interfering  with 
the  distinctness  of  all  the  others. 

The  amount  of  spherical  aberration  depends  also  on  the  form  and  poeition  of 
lenses.  If  n  =  index  of  refraction,  r  =  the  radius  of  the  anterior  snrfaoe,  and 
Ji  =  the  radius  of  the  posterior  surface,  then  for  parallel  rays,  the  form  of  least 
aberration  will  be  expressed  by  the  following  equation : — 

r         4  -f  n  —  2«» 

If  n  =3  1 1,  the  form  of  least  aberration  will  be  a  lens  whose  snrfaoes  have 
their  radii  in  the  proportion  of  I  to  6,  the  side  of  deeper  curyature  being  towards 
parallel  rays.  If  the  spherical  aberration  of  such  a  lens,  in  its  best  poiitioiiy  is 
taken  as  unity*  the  aberration  of  other  lenses  will  be  as  follows : — 

Piano- convex  with  plane  surface  towards  distant  objects,  4*2. 
Plano-convex  with  convex  surface  towards  distant  objectsi,  1*08L 
Plano-concave  the  same  as  plano-convex. 

Double  convex  or  double  concave  with  both  faces  of  the  same  enrratare,  the 
aberration  will  be  1*667. 

The  spherical  aberration  of  a  convex  lens  is  called  positive,  and  the 
aberration -of  a  concave  lens  is  called  negative  because  it  b  in  an 
opposite  direction  from  that  produced  by  a  convex  lens. 

Accurate  estimate  of  spherical  aberration.* — To  estimate  with 
accuracy  the  amount  of  spherical  aberration  in  any  given  ease,  it  is 
necessary  to  calculate  the  exact  course  of  a  ray  which  falls  upon  the 
border  of  the  lens. 


*  Microscopical  Journal,  Vol.  VIII.  p.  21. 
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Let  A  C,  fig.  363,  be  a  Motion  of  a  ourred  refrmeting  tmrfaee  in  the  plnne  of 
ieft«etion,  QCq  being  its  axis.    The  refractiTe  index  ^  n.    Here  the  dif tanoe 

36S 
'A 


Q  C  of  the  radianit  point  from  the  refracting  tarface  is  given.  Also  C  D  and 
D  A  oo-ordiaatea  of  the  point  A.  Henoe,  also  the  normal  A  B  and  sub-oormal 
D  B  may  be  found.    Let  A  f  be  the  refracted  ray  required,  ontting  Q  C  9  in  o. 

Now  tin.  incidence  is  to  sin.  A  B  G  =  Q  B  :  Q  A. 

Sin.  B  is  to  sin.  refraction  =  9  A  :  9  E. 

qA     QA 
.'.  Sin.  incidence  :  sin.  refraction  =  m  :  1  =s  — -  :  — --• 

9B    QB 

9  A       •i.Q  A 
.*.  — -;  =  =  c,     (a  known  quantity). 

qE 


QB 

.-.  9  A»  =  c*.9  E\ 

i.  «.,       9  B»  -1-  E  A»  -h  2  9  B.E  D  =  c*.9  B«. 

...  (««—  1)  9  B»  —  2  B  D.9  B  =ft  B  A\ 

2  B  D  B  A* 

.-.  9  B*  —  -^ -.q  E  = 


,«-l 


c»  — 1 


f  ED    )  » 


ED«  (c«  — 1)EA» 


+ 


.-.  9B  »  J—-  I  B  D  ±  |/B D  «  -f  (o»  —  1)~E  A«  I . 

Prom  this  formula  the  accurate  value  of  9  B  for  any  surface  may  be  calculated. 

455.  Aberration  of  sphericity ;  distortion  of  images. — When  a 
straight  object  is  placed  before  a  lens,  the  extremities  of  the  object  not 
being  in  the  principal  axis,  if  the  images  of  the  extreme  points  are 
formed  in  the  secondary  axes  at  the  same  distance  from  the  optical 
centre  of  the  lens,  as  the  central  portions  of  the  image,  the  image  will 
not  be  stnught,  but  formed  on  a  curre,  the  centre  of  which  is  at  the 
optical  centre  of  the  lens,  as  a^  I/,  fig.  364.  But  as  an  object  recedes 
from  the  lens,  the  image  will 
approach  it,  therefore  as  A  and 
B  are  more  distant  from  the 
lens  than  the  centre  of  the 
object,  the  extremities  of  the 
image  must  be  nearer  than  the 
centre,  and  instead  of  a'^  C  l/^  we 
shall  bays  the  image  a^^  C  l/^ 
described  aroand  a  centre,  somewhere  between  the  lens  and  the  centre 
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r^y 


of  the  image.  Oblique  pencils  are  also  more  strongly  refracted  than 
pencils  which  belong  to  the  principal  axis ;  hence  this  cause  must  tend 
to  curve  the  image  still  more.  This  curvature,  or  distortion  of  images, 
is  called  aberration  of  sphericity.  For  ordinary  purposes  this  imperfeo- 
tion  of  lenses  may  be  disregarded.  The  practical  method  of  overcoming 
these  difficulties  will  be  best  explained  in  connection  with  the  descrip- 
tion of  achromatic  lenses. 

i  4.  Chromatioa. 

456.  Analysis  of  light. — Speotrnm. — Primary  oolors. — A  beam 
of  sunlight,  S  H,  fig.  365,  admitted  into  a  dark  chamber,  through  a 
small  opening  in  the  shutter,  £,  forms  365 

a  round  white  spot,  P,  upon  a  screen  or 
any  other  object  upon  which  it  falls. 
If  a  triangular  prism,  B  A  C,  is  inter- 
posed in  its  path,  as  shown  in  the  figure, 
the  light  will  be  refracted  both  on  enter- 
ing and  leaving  the  prism,  but  instead 
of  forming  only  a  circular  white  spot  on 
the  screen,  M  N,  it  will  be  spread  over 
a  considerable  space  from  S  to  K,  called  the  solar  spectrum,  in  which 
will  be  seen  all  the  colors  of  the  rainbow.  Beginning  with  the  color 
most  refracted,  they  are  violet,  indigo,  blue,  green,  yellow,  orange,  and 
red. 

If  an  opening  is  made  in  the  screen  so  as  to  permit  only  the  rays  of 
a  single  color  to  pass,  and  we  attempt  to  analyze  this  color  by  passing 
it-through  a  second  prism,  we  find  it  cannot  be  further  deoomposed  by 
refraction ;  hence  the  colors  of  the  solar  spectrum  produced  by  the 
refraction  of  a  triangular  prism  are  generally  called  primary  colors, 

457.  Reoomposition  of  white  U^ht. — If  a  second  prism,  A  Bo, 
exactly  similar  to  B  A  G,  is  placed  behind  the  first,  but  in  a  reversed 
position,  as  shown  in  the  figure,  the  differently  colored  rays  will  be  re^ 
united  and  form  white  light  at  P,  as  though  no  prism  had  been  used. 

Moreover,  if,  instead  of  the  second  prism,  a  double  convex  lens  is  so 
placed  as  to  receive  the  colored  rays  and  converge  them  to  a  focus,  a 
round  spot  of  white  light  will  be  again  formed  in  the  focus  of  the  lens. 

If  colored  powders  are  mixed  in  the  proportions  that  the  several  colon  ocenpy 
in  the  solar  spectrum,  the  color  of  the  compoand  will  be  a  grayish  white.  That 
the  resnlting  color  is  not  pure  white  is  probably  owing  to  the  fact  that  we  caonot 
procure  artificial  colors  that  will  accurately  represent  the  colors  of  tlio  solar 
spectrum. 

458.  Analysis  of  colors  by  absorption. — Although  the  colors  of 
the  prismatic  spectrum  cannot  be  further  divided  by  refraction,  Brewster 
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has  shown,  that  any  of  the  colors  may  be  still  further  decomposed  bj 
transmission  through  variously  colored  glass.  He  thus  ascertained  thav 
red,  yellow,  and  blue  light  are  found  in  various  proportions  in  all  parts 
of  the  spectrum,  and  that  any  other  color  vrhatever  may  be  formed  by 
suitable  combinations  of  these  three.  Brewster  and  other  eminent 
philosophers  have  hence  inferred  that  there  are  really  only  three  pri- 
vtary  colors,  red,  yellow,  and  blue. 

Dr.  Young  eonndered  red,  green,  and  violet,  primary  colors.  Acoording  to 
flertchel,  any  three  colors  of  the  spectrum  may  be  taken  as  primary,  and  all 
other  colors  may  be  compounded  from  them,  with  the  addition  of  a  certain 
amount  of  white.  The  distinction  of  colors  into  primary  and  secondary,  should 
therefore  be  considered  to  a  certain  extent  as  arbitrary,  and  as  adopted  princi- 
pally for  convenience  of  illustration. 

459.  Complementary  colors. — Any  two  colors  which  by  their 
union  would  produce  white  light,  are  said  to  be  complementary  td  each 
other.  If  we  take  away  from  the  solar  spectrum  any  color  whatever, 
we  may  reunite  all  the  remaining  colors,  by  means  of  a  double  convex 
lens,  or  by  a  second  prism,  and  the  resulting  color  will  obviously  be 
complementary  to  the  first,  because  it  is  just  what  the  first  wants  to 
make  white  light.     In  this  manner  it  is  found  that, 

Red  is  complementary  to Green. 

Violet  red         "  " Yellowish  green. 

Violet  "  " Yellow. 

Violel  blue       "  "  ; Orange  yellow. 

Blue  "  " Orange. 

Greenish  blue  **  " Reddish  orange. 

Black  "  " White. 

The  subject  of  harmony  and  contrast  of  colors,  will  be  treated  in  conneotioi 
with  tiie  phenomena  of  vision. 

460.  Properties  of  the  solar  spectrum. — In  the  solar  spectrum 
there  are  found  three  distinct  properties  which  exist  in  various  degrees 
of  intensity  in  the  differently  colored  rays.     See  fig.  368. 

(a)  Luminous  rays, — According  to  Herschel,  Fraunhofer,  and  others, 
it  is  found  that  the  maximum  illuminating  power  resides  in  the  yellow 
rays,  and  the  minimum  in  the  violet. 

(6)  Calorific,  or  heating  rays. — The  position  of  greatest  intensity  for 
the  calorific  rays  varies  with  the  nature  of  the  material  of  the  prism 
with  which  the  spectrum  has  been  produced.  In  the  spectrum  pro- 
duced by  a  prism  of  crown  glass,  the  greatest  heating  power  is  found 
in  the  jpale  red.  If  a  prism  filled  with  water  is  used,  the  greatest 
heating  power  is  found  connected  with  the  yellow  rays.  If  the  prism 
is  filled  vrith  alcohol,  the  greatest  heat  is  connected  wi^h  the  orange 
81 
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jfellow.  With  prisms,  formed  of  highly  refracting  gems,  the  miiUiDani 
heating  power  is  found  beyond  the  red  ray.  Flint  glass  resembles  the 
gems  in  this- respect. 

*e)  Chemical  rays, — In  a  great  variety  of  phenomena,  solar  light  aot( 
as  a  chemical  agent.  Under  the  influence  of  solar  light,  plants  deoom- 
pose  carbonic  acid,  eyulving  pure  oxygen,  and  most  vegetable  oolora  are 
destroyed ;  phosphorus  is  changed  to  \X%  red  or  amorphous  state,  and 
loses  its  power  of  emitting  light ;  chlorine  and  hydrogtn  may  be  safely 
mixed  in  the  dark,  but  combine  with  an  explosion  when  exposed  to 
the  sun's  light ;  the  green  color  of  plants  disappears  in  the  dark,  and 
the  nature  of  the  vegetable  juices  is  changed  when  withdrawn  from 
the  chemical  action  of  light ;  and  the  wonderful  phenomena  of  pho- 
tography depend  upon  the  action  of  light  upon  sensitive  chemical 
substances. 

The  maximum  chemical  effect,  produced  by  solar  light,  appears  to 
be  connected  with  the  violet  rays,  or  with  rays  t)etween  the  violet  and 
the  blue.  Some  chemical  effect  is  produced  by  rays  refracted  entirely 
beyond  the  extreme  border  of  the  visible  violet  rays.  The  lavender 
light  of  Herschel  results  from  the  concentration  of  the  so-called  invisi- 
ble rays,  beyond  the  border  of  the  violet.  A  large  convex  lens  gathers 
these  otherwise  invisible  rays  into  a  faint  beam  of  lavender  colored 
light. 

461.  Fraanhofer*8  dark  lines  in. the  solar  speotnun.— In  1902, 
Dr.  Wollaston  first  discovered  the  existence  of  dark  lines  in  the  solar 
spectrum,  but  the  discovery  excited  no  special  attention,  and  was 
applied  to  no  practical  purpose. 

Unacquainted  with  Wollaston's  observations,  the  late  celebrated 
Frannhofer,  of  Munich,  rediscovered  the  dark  lines  of  the  spectrum, 
now  distinguished  as  Fraunhofer^s  dark  lines.  Viewing  through  a 
telescope  the  spectrum  formed  from  a  narrow  line  of  solar  light,  by 
the  finest  prisms  of  flint  glass,  he  noticed  that  its  surface  was  crossed 
by  dark  lines  of  various  breadths.  None  of  these  lines  coincide  with 
the  boundaries  of  the  colored  spaces. 

From  the  distinctness  and  ease  with  which  they  may  be  found  and 
identified,  seven  of  these  lines  have  been  distinguished  by  Fraunhofer 
by  the  letters  B,  C,  D,  £,  F,  G,  11.  Numerous  other  lines — ^varying 
from  600  to  2000  in  number,  according  to  the  power  of  the  telescope 
with  which  they  ^re  viewed — hi^ve  since  b^en  counted  in  the  solar 
spectrum.  ^ 

To  view  these  lines  with  the  naked  eye,  a  ray  of  snnl^ht  in  admitted  into  a 
dark  chamber  through  narrow  openings  in  two  screens,  one  placed  behind  the 
other,  as  shown  in  fig.  366,  and  is  then  refracted  by  a  prism  of  the  pnrast  fliat 


OPTICS. 


335 


The  linefy  or  some  of  them,  will  then  be  seen  on  the  acreen.   The  positJuns 
lines  in  the  eolored  spaees  of  the  spectrum  is  perfectly  definite,  bat  their 
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distanoes  from  eftch  other  vary  with  the  nabstance  of  which  the  prism  is  formed. 

Profl  0.  N.  Rood  states  (Am.  Jour.  Soi.  [2]  XYII.  429),  that  fine  fiint  glass 
prisma  are  by  no  means  indispensable  for  riewing  the  fixed  lines,  as  he  found  no 
prism  among  twelve  in  a  candelabrum  which  did  not  show  several  of  them. 

Fig.  867  shows  the  arrangement  of  the  dark  lines  in  the  spectrum,  formed  by 
prisms  of  flint  and  crown  glass,  and  also  by  a  prism  filled  with  water.  These 
dark  lines  answer  the  important  purpose  of  landmarks  for  determining  the 
indiees  of  refraction  for  various  substances.  The  exact  limits  of  the  several 
eolors  in  the  spectrum  are  not  well  defined,  but  the  dark  lines  establish  definite 
points  frt>m  which  the  practical  optician  estimates  the  refractive  power  of  any 
medium,  and  also  the  comparative  refrangibility  of  the  differently  colored  rays 
in  which  the  dark  lines  occupy  fixed  positions. 

Iiines  in  light  from  different  sources. — In  the  spectrum  produced 
by  the  light  of  the  sun,  whether  reflected  by  the  moon  or  planets,  or  from  the 
elonds  or  any  terrestrial  object,  the  position  of  the  dark  lines  is  invariable.  But 
the  light  of  the  sUurs  diflers  from  that  of*  the  sun,  and  the  light  of  one  star  dif- 
fers from  other  stars  in  regard  to  the  number  and  position  of  the  dark  lines  in 
the  spectrum.  Electrical  light,  and  the  light  of  flames  produced  by  any  burn- 
ing body  whatever,  give  bright  lines  instead  of  the  dark  lines  in  the  spectrua 
formed  by  solar  or  stellar  light 

The  relation  of  the  dark  lines  to  the  colors  of  the  spectrum  is  shown 

in  fig.  368.    B  lies  in  the  red  portion  near  the  end;  C  is  farther 

advanced  in  the  red ;  D  in  the  orange  is  a  strong  double  line  easily 

368 
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recognised ;  £  in  the  green ;  F  in  the  blue ;  O  in  the  indigo ;  und  11  in 
tbe  Tiolet  Besides  these,  there  are  also  others  very  remarkable  ;  thus 
6  is  a  triple  line  Ip  the  green,  between  £  and  F,  consisting  of  three 
strong  lines,  of  which  two  are  nearer  each  other  than  the  third  ;  A  is 
in  the  extreme  border  of  the  red,  and  a  is  a  band  of  delicate  lines 
botneen  A  and  B. 
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462.  Fixed  lines  in  the  speotra  firom  ▼arione  oolore6  fi^mtff, 

•  -It  is  well  knowQ  to  ohemists  that  characteristic  colors  are  imparted 
to  the  flame  of  alcohol  by  the  salts  of  various  metals.  It  has  been 
lately  observed  that  the  spectra  from  flames  thus  colored  possess 
characteristic  fixed  lines.  Thus  the  spectrum  of  a  soda  flame  is  cbarae> 
terized  by  two  bright  lines  in  the  position  of  the  two  dark  lines  at  I>  in 
the  solar  spectrum.  Lithium  gives  a  brilliant  red  line  between  B  and 
C  and  potash  salts  give  bright  lines  corresponding  to  the  dark 
lines  A  a  B  shown  in  fig.  3G8.  The  spectrum  from  lime  (in  the 
Drummond  light)  gives  at  first  two  bright  lines  like  salts  of  sodium, 
which  however  soon  disappear  as  the  heat  is  continued ;  but  if  aa 
alcohol-sodium  flame  is  held  in  the  path  of  the  rays,  two  dark  linai 
assume  the  place  of  the  original  bright  lines  in  this  spectrum,  oorres- 
ponding  exactly  in  position  to  the  two  dark  lines  D  of  the  solar  spectrum. 

These  variously-colored  flames  held  in  the  path  of  the  rays  prodaoing 
the  solar  spectrum  render  the  dark  lines  more  distinct  although  theas 
flames  alone  would  produce  bright  lines. 

From  similar  observations  Kirchoff  deduces  the  inferenoe  thai  the 
sun's  atmosphere  contains  compounds  of  sodium  and  potassium  but  no 
lithium.* 

463.  Intensity  of  luminons,  calorific,  and  ohemioal  rays. — 
Fig.  368  also  shows  how  the  intensity  of  the  luminous,  calorific,  and 
chemical  rays,  varies  in  different  parts  of  the  Rpectruui.  The  greatest 
illuminating  power  resides  in  the  yellow  part  of  the  spectrum.  The 
heating  power  is  almost  entirely  absent  in  the  violet  and  the  blue,  where 
the  chemical  agency  is  at  its  maximum,  and  it  is  greatest  beyond  the  red, 
and  extends  a  considerable  distance,  where  no  illuminating  chemical 
power  is  ordinarily  manifest.  The  relative  positions  of  the  maximum 
illuminating,  chemical,  and  heating  powers  of  the  solar  spectrum,  vaiy 
somewhat  with  the  nature  of  the  substance  composing  the  prism  with 
which  the  spectrum  has  been  produced. 

464.  Refraction  and  dispersion  of  the  solar  speotnun. — Kaly- 
chromatios. — If  a  glass  tube,  retort  neck,  drinking  glass,  or  any 
similar  instrument  of  glass,  be  held  in  the  path  of  the  colored  rays 
from  a  triangular  prism  in  a  dark  chamber,  a  beautiful  system  of 
colored  rings  will  be  formed,  varying  their  form,  position,  and  color, 
with  every  change  in  the  position  or  form  of  the  glass  interposed. 

This  experiment  exhibits,  in  a  surprising  and  agreeable  manner, 
the  wonderful  resources  of  color  contained  in  the  solar  beam.  Lan- 
guage fails  to  express  the  exquisite  and  ^^nderful  beauty  of  this 
simple  experiment,  involving  only  the  refraction  and  dispersion  of  the 


*  Monthly  notices  of  the  Berlin  Academy,  1859,  p.  M2. 
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•olar  specimm.  Kalychromaiiea  (from  the  Greek  for  beautiful  colors) 
has  beeu  suggested  as  a  word  to  distinguish  these  phenomena. 

465.  Chromatio  aberration. — ^When  rays  of  ordinary  white  light 
are  refracted  by  a  lens  of  any  form,  consisting  of  a  single  transparent 
substance  like  glass,  or  a  transparent  gem,  the  rays  are  each  acted  upon 
as  by  a  prism,  and  dispersed  into  all  the  colors  of  the  solar  spectrum. 

This  effect  is  shown  by  fig.  360,  where  Y  is  the  focus  of  the  violet  rays  which 
are  most  refracted,  and  R  is  the  focns  of  red  369 

rmyt  which  are  least  refVaoted.  A  violet  image 
is  formed  at  V,  and  a  red  image  at  R,  and  as 
the  ether  colors  are  situated  between  the  violet 
and  the  red,  all  the  space  between  V  and  R  is 
oeenpied  by  images  of  intermediate  colors. 
If  an  image  of  a  point  or  line  is  formed  at  Y, 

its  eolor  will  be  violet,  but  it  will  be  surrounded  by  fringes  composed  of  all  the 
colors  of  the  spectrum,  the  outer  border  of  the  fringe  being  red.  This  defect  of 
all  single  lenses,  formed  of  whatever  substance,  is  called  chromatic  aberration. 

466.  Aohromatiam. — We  have  seen,  {461,  fig.  367,  that  the  speo- 
trom  formed  by  flint  glass  is  nearly  twice  as  long  as  that  370 
formed  by  crown  glass.  If  therefore  we  take  a  prism  of 
crown  glass,  A,  fig.  370,  and  another  prism  of  flint  glas^, 
B,  haying  a  refractive  angle  so  much  smaller  than  the 
refractive  angle  of  A,  that  the  solar  spectrum  formed  by 
it  will  exactly  equal  in  extent  the  spectrum  formed  by 
the  first  prism,  we  may  place  the  two  prisms  in  opposition, 
■a  shown  in  the  figure,  and  the  colored  rays  separated  by  transmis- 
sion through  one  prism,  will  be  exactly  reunited  by  the  other.  The 
light  transmitted  through  the  two  prisms,  thus  placed,  will  therefore 
be  of  the  same  color  as  before  transmission.  But  while  the  color  of  the 
transmitted  light  is  unaltered,  its  direction  will  be  changed  by  about 
one-half  the  refractive  power  of  the  prism  A ;  for  while  the  prism,  B, 
has  neutralized  all  the  dispersion  of  color  produced  by  A,  it  has  neu- 
tralised only  about  half  of  its  refractive  power. 

Applying  these  principles  to  lenses,  a  double  convex  lens  of  crown 
glass,  A  A,  fig.  371,  may  be  united  with  a  plano-concave  lens  of  flint 
glass,  B  B,  having  a  focus  about  double  the  focus  of  the  convex  ^71 
lens.  These  two  lenses  will  act  like  the  prisms  in  the  preceding 
figare.  The  concave  lens  of  flint  glass  will  correct  the  chn>- 
malic  aberration  of  the  double  convex  lens  of  crown  gla<ts,  and 
leave  about  one-half  of  the  refractive  power  of  the  convex  lens 
as  the  effective  refracting  power  of  the  compound  lens. 

An  achromatic  lens,  formed  of  a  double  convex  lens  of  crown 
glass,  eqvally  convex  on  both  sides,  joined  with  a  plano-concave  lens 
81* 
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of  flint  glass,  having  its  ooncave  side  ground  to  fit  one  side  of  the  d  inble 
convex  lens,  will  have  the  focus  of  a  simple  plano-oonvex  lens,  with  ita 
convexity  equal  to  one  side  of  the  double  convex  lens. 

467.  Formulas  for  aohromatiam. — Let  it  be  required  to  determine 
the  forms  of  two  thin  lenses  composed  of  different  media,  whioh  will 
together  form  a  compound  lens  free  from  chromatic  aberration.  In 
this  problem  we  will  'consider  only  two  colors  of  the  spectrum,  as  red 
and  violet. 

Let  m  and  n  be  the  indices  of  refraction  for  the  mean  ray  in  the  two  media ; 
m'  and  h*  the  indices  for  one  of  the  colored  rays,  and  m"  and  n"  the  refractive 
indices  for  the  other  ray. 

Let/  and y*  be  the  mean  focal  lengths  of  the  two  lenses,  of  which  r  and  •  aad 
r'  and  •'  are  the  radii  of  the  surfaces.  By  the  principles  already  established  «• 
%haX\  have : — 

;  =  («'_!)  (;-  +  J)+(.'-l)(|;f^j-|j 

i=(«"-l)(i+i)+(«"-l,(L  +  lj-!. 
Subtracting  the  first  equation  from  the  second, 

0  =  (»"  _  „')  {  ^  +  ,-  }  +  («"  -»'){);  ,  j;  } . 

This  equation  may  be  put  under  the  form, 

m"  —  w'   1         n"  —  n'  1 
0=  -.--f 


m  — 1    /    '      H  —  1    / 


m"  —  m'  m"  —  M' 


The  ooeflBcients  and ,  are  called  the  dispersive  powers  of  the. 

m  —  1  n  —  1 

P       P' 
two  media,  and  may  be  represented  by  p  and  p\  hence  0  =  -  -{-  — ,  and  ■•  p 


and  p'  are  either  both  positive  or  both  negative,  under  any  supposition  this 

tion  can  only  be  satisfir4  by  making  either  /  or  /*  negative,  that  it,  one  of  the 

/        P 
lenses  must  be  concave.     We  shall  then  have;       »  =  -^,      Or/:/*  =f)  :^'. 

We  therefore  obtain  the  following  conclusions: — 

Ist.  An  (ichromaiie  combinalion  must  be  composed  of  iwo  w  mwt 
lenses  formed  of  media  having  different  dispersive  powers, 

2d.  One  of  the  lenses  must  be  concave  and  the  other  convex, 

3d.  The  two  lenses  forming  an  <ichromaiic  combination  must  hare 
fhcal  lengths  directly  proportional  id  the  dispersive  powers  of  the  wudia 
of  which  they  are  respectively  composed. 

As  it  was  stated  in  {  454  that  the  spherical  aberraUon  of  a  oonoave 
lens  is  the  opposite  of  the  aberration  of  a  convex  lens,  it  is  easy  to  see 
that  the  combination  of  such  lenses  as  are  required  to  produce  aohn^ 
matism  will  also  wholly,  or  in  part,  correct  the  spherical  aberrattou. 


{  5.  TiUoD. 

468.  Stmotore  of  the  hninan  «ya. — The  bumiui  e;e  ia  the  iomI 
perfect  of  all  optical  iDstrumeata.  By  meaos  of  this  organ,  8tiniiilal«d 
bj  the  light  reflected  or  refracted  from  external  objects,  we  recogaise 
their  pretence,  neamese,  color,  and  form.  Some  knowledge  of  the 
•tructure  and  action  of  the  eye  i»  eRsentiul  to  a  proper  underebtuding 
of  the  uees  of  other  optical  inatruments. 

The  eje,  situated  in  its  bonj  cavity  called  tbe  orbit,  is  maintained  id 
its  poaition  by  the  optic  nerve  and  its  eheath,  by  muscles  which  serva 
to  move  it  or  bolil  it  steady  in  any  required  position,  and  by  the  delicate 
membrane  called  tbe  conjunctiTa,  which  covers  its  aoteriur  surface  and 
lines  the  eyelids.  The  eyelids  serve  to  protect  tbe  organ  frum  external 
uyuries,  and  also  to  shut  out  light  which  might  otherwise  be  trouble- 
■ome  or  iigurious  by  its  excess,  or  loo  long-continued  action. 

Fig.  372  shows  a  horiiontal  section  of  the  eye,  the  lower  part  of  the 
figure  representing  the  side  of  tbe  eye  towards  tbe  nose.  The  |;lobe,  or 
ball  of  the  eye,  is  nearly  spberical,  STl 

though  the  anterior  portion  is  more 
convex  than  the  other  portions,  as 
shown  in  the  figure. 

The  principal  portions  of  the  eye  !" 
which  require  conMderation,  are  the  -a 
•cleroticcoat,  the  cornea,  the  choroid  j 
ooat,  the  retiaa  and  optic  nerve,  tbe  - 
iris,  the  pupil,  the  crystalline  tens, 
the  aqueous  humor,  the  vitreous 
humor,  and  the  hyaloid  membrane.  /•'     "' 

n>  iltrotic  Mol,  i,  ia  &  itrong  opsqac  stnicturs,  compoted  of  bDndlii  o 
strong  whll*  Bbrna,  intarlMiug  suh  other  in  ill  ilirectiuna.  Tbia  membTui 
uver*  abont  four-ltftfaB  of  lh«  eysbkll,  sad  more  than  aoj  otbsr  structure.  lerri 
to  prsHTTB  tha  globnlu  furm  of  lbs  aje.  It  bu  a  poatcrior  aieva-liks  opaning,  fu 
tb«  tranamiaaion  of  tbe  flbtei  of  the  optic  nerra,  ■>;  ulecior];,  ■  truiapareii 
membruie  called  tbe  comra,  a.  Is  lat  into  a  groove  in  the  aelerotie  coal,  as 
wslcb  orjatal  ia  aat  in  tfaa  cue,  bat  tbsae  two  membruaa  are  ao  flrmlj  aoilsd 
IhM  tba;  are  Hparatad  odIj  with  wosidarable  diSealt;.  Tbe  cornea  ia  mora 
eoDVCi  tban  the  acleroUo  oast. 

The  tkoraid  mai,  t,  Li  a  atroag  Tucular  membnne,  lining  tbe  aeluotlc  cast, 
sod  cOTorad  intemall;  bj  a  dark  pigment,  the  pigmtHtvm  nigrum,  which  pie- 
vanta  anj  raHecUon  of  light  from  the  interDsl  psrl<  of  tbo  eja. 

Tba  third,  or  inner  membrane  of  tbe  e;B,  ia  tba  r,iipa,  m,  which  ia  marel;  an 
•xpaoaion  of  tbe  optio  nerf  a,  n,  noiting  it  to  the  brain.  It  is  on  tbia  delioau 
liniDg  nembrane  (Ibe  retina]  that  Che  imagea  of  external  objecta  are  formed. 

Tk*  in;  d,  which  forma  tbe  oolored  part  of  tbe  e;e,  ia  a  dark  annnlar  cniiain 
•IT  diafhiagm,  adht~snt  at  ita  ou(«r  margin,  with  a  central  opening  wbicb,  in 
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man,  is  circular;  in  cata  and  the  feline  tribe  ^nerally  it  is  elongated  rertloaUy; 
in  the  ox  and  other  ruminating  animals,  in  a  horiiontal  direction.  The  oentnd 
opening  of  the  iris, «,  which  allows  light  to  penetrate  the  eye,  it  called  the  pnpiL 
It  varies  from  one-eigbtb  to  one-quarter  of  an  inch  in  diameter.  In  a  ttroog 
li;;ht  the  pupil  contracts,  but  where  the  light  is  diminished  it  ezpandt. 

Every  one  knows  the  sensation  produced  by  entering  a  house  after  spending 
hours  in  the  open  air  exposed  to  the  light  of  the  sun  reflected  from  snow.  In 
this  case  the  pupil  becomes  so  contracted,  and  the  eye  so  accustomed  to  a  strong 
light,  that  objects  within  doors  are  almost  invisible  until  the  pupil  ezpanda  and 
the  eye  recovers  its  sensitiveness  in  ordinary  light  The  movements  of  Uie  iris 
are  involuntary. 

The  pupil  of  the  owl  is  so  very  large  that  it  sees  distinctly  at  night,  while  in 
the  day-time  the  pupil  cannot  contract  enough  to  protect  the  eye  from  the  blind- 
ing effect  of  the  solar  rays,  and  hence  the  owl  is  nearly  blind  by  day. 

The  crytalline  Una,/f  is  a  transparent  body,  placed  behind  the  iris  and  very 
near  to  it;  it  is  enveloped  in  a  transparent  membrane  or  capsnie,  which  adheres 
by  its  borders  to  the  ciliary  process,  g.  The  posterior  surface  of  the  crystalline 
lens,  is  more  convex  than  the  anterior.  The  crystalline  lens  is  made  up  f 
serrated  fibres,  arranged  in  layers  which  increase  in  density  from  the  eironm* 
ference  to  the  centre  of  the  lens. 

Aqueout  humor. — The  space  between  the  cornea  and  the  crystalline  lens  is 
filled  with  a  transparent  liquid  called  the  aqueous  humor.  The  iris  divides  this 
space  into  two  chambers,  the  anterior  chamber,  6,  between  the  cornea  and  the  iris, 
and  the  posterior  chamber,  c,  between  the  iris  and  the  crystalline  lens.  ThMe 
two  chambers  communicate  freely  with  each  other  through  the  pupil,  e.  The 
free  edge  of  the  iris  floats  in  the  aqueous  humor. 

Vitieou9  humor. — The  posterior  compartment  of  the  eye,  h,  behind  the  crystal- 
line lens,  constitutes  by  far  the  larger  part  of  the  internal  cavity  of  this  organ, 
and  is  filled  with  a  transparent  gelatinous  fluid,  enclosed  in  exceedingly  delicate 
cellular  tissue,  which  is  condensed  externally,  and  forms  a  delicate  kj/aloid 
membrane,  everywhere  covering  the  retina  and  the  posterior  surface  of  the 
crystalline  lens.  The  vitreous  humor,  enclosed  in  its  cellular  tissue,  and 
enveloped  by  the  hyaloid  membrane,  is  called  the  vUreowi  hodif, 

469.  Action  of  the  eye  upon  light. — The  eye  may  be  compared 
to  a  dark  chamber,  the  pupil  being  the  opening  to  admit  the  light,  the 
crystalline  lens  being  a  converging  lens  to  collect  the  light,  and  the 
retina  a  screen  upon  which  is  spread  out  the  image  of  external  objects. 
The  effect  is  the  same  as  when  a  double  convex  lens  forms,  at  its  con- 
jugate focus,  an  image  of  any  object  placed  in  the  other  focus. 

Let  A  B,  fig.  373,  be  an  object  placed  before  the  eye,  and  consider  that  rays 
are  emitted  from  any  point,  as  *  378 

A,  in  all  directions ;  only  those 
rays  which  are  directed  towards 
the  pupil  can  penetrate  the  eye, 
ur  contribute  to  the  phenomena 
of  vision.  The  rays,  on  enter- 
ing the  aqueous  humor,  are 
refracted  towards  the  axis,  0  o,  drawn  through  the  optical  centre  of  the  crystal- 
line lens ;  but  on  entering  the  lens,  which  is  more  dense  than  the  aquoons 
humor,  they  are  still  further  refracted,  and  undergoing  yet  another  ref^wttion 
on  leaving  the  crystalline  lens,  they  converge  towards  a  pointy  a,  where  they 
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form  an  image  of  the  point  A  The  rays  of  light  emittei  from  B  form  ita 
image  in  the  point  b,  and  in  the  lame  manner  every  part  of  the  object,  A  B,  if 
delineated  in  the  rery  small  in.  age  a  b,  which  is  a  real  image,  inyerted,  and 
formed  exactly  upon  the  retina. 

470.  InvexBion  of  the  image  formed  in  the  eye. — To  prove  that 

the  image  formed  in  the  eye  is  really  inverted,  take  the  eye  of  an  ox, 

cut  away  the- posterior  part  of  the  sclerotic  and  choroid  coats ;  fix  the 

eye  thus  prepared  in  an  opening  in  the  shutter  of  a  dark  chamber,  and 

look  at  it  with  the  aid  of  a  magnifying  glass,  when  external  objects 

will  be  seen  beautifully  delineated  in  an  inverted  position,  on  the  retina 

at  the  posterior  part  of  the  eye. 

Philotophert  and  physiologistfl  have  proposed  various  theories  to  explain  how 
we  eome  to  perceive  objects  erect,  when  their  images  in  the  eye  are  actually 
inverted.  The  most  rational  of  these  theories  are  the  two  following  :  Ist.  That 
we  judge  of  the  relative  position  of  objects,  or  of  different  parts  of  the  same 
object,  by  the  direction  in  which  the  rays  come  to  the  eye,  the  mind  tracing 
them  back  from  the  eye  towards  the  object.  2d.  That  the  image  formed  on  the 
retina,  gives  correct  ideas  of  the  relation  of  external  objects  to  each  other;  up 
and  down  being,  in  reference  to  impressiuos  on  the  retina  or  brain,  merely  the 
relative  directions  of  the  sky  and  earth ;  and  we  see  all  bodies,  including  our 
own  persons,  occupying  the  same  relations  to  these  fixed  directions  as  our  other 
■antes  demonstrate  that  they  really  occupy. 

471.  Optio  axis. — Optic  angle. — The  principal  axis  of  the  eye, 
called  the  optic  axis^  is  its  axis  of  figure,  or  the  right  line  passing 
through  the  eye  in  such  a  position  that  the  eye  is  symmetrical  on  all 
sides  of  it.  In  a  well  formed  eye  this  is  a  right  line,  passing  through 
the  centre  of  the  cornea,  the  centre  of  the  pupil,  and  the  centre  of  the 
crystalline  lens,  as  Oo,  fig.  373.  The  lines  A  a,  B&,  which  are  sensi- 
bly right  lines,  are  secondary  axes.  Objects  are  seen  most  distinctly 
in  the  principal  optic  axis. 

When  both  eyes  are  directed  towards  the  same  object,  the  angle 

formed  by  lines  drawn  from  the  two  eyes  to  the  object,  is  called  ths 

cplic  angltf  or  the  binocular  parallax. 

To  appreciate  this  difference  of  direction,  look  at  two  objects  that  are  situated 
is  a  line  with  one  eye,  the  other  being  closed ;  then,  without  moving  the  head, 
look  at  the  same  objects  with  the  other  eye,  and  the  objects  will  not  both  appear 
in  the  same  line,  but  will  seem  suddenly  to  change  their  positions.  By  such 
experiments  it  will  readily  be  found  that  some  persons  see  principally  with  the 
right,  and  oUiers  chiefly  with  tLe  left  eye,  when  both  eyes  are  open.  Others 
will  find  that  a  part  of  the  time  the  direction  of  objects  is  determined  by  one 
9j%  and  part  of  the  time  by  the  other.  374 

472.  Visual  angle. — The  angle 
formed  between  two  lines  drawn  from 
ibe  eye  to  the  two  extremities  of  an 
olgect,  is  called  the  visual  angle,  as  A  0  B,  fig.  374.     If  the  object  is 
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remcved  to  twice  the  distance,  the  visual  angle  kf  0  B^  will  be  oulj 
one-half  as  great  as  A  0  B,  and  the  breadth  of  the  image  furmed  od 
the  retina  will  bo  proportionally  decreased. 

The  apparent  linear  tnagnitnde  of  an  object  is  in  inrene  proportion  to  ita 
distance  from  the  eye,  or  in  direct  proportion  to  the  Fisual  angle.  The  appartmt 
•Hperficial  magnitude  is  always  the  square  of  the  apparent  linear  magnitude,  aa^ 
is  in  inrerse  proportion  to  the  square  of  the  distance. 

473.  The  brightness  of  the  ocular  image  of  any  object  will  be 
in  direct  proportion  to  the  intensity  of  the  light  emanating  from  each 
point  in  the  object. 

The  amount  of  light  received  by  the  eye  from  any  point  in  the  object, 
or  from  the  entire  object,  will  be  inversely  as  the  square  of  the  distano% 
and  directly  as  the  intensity  of  the  light  from  each  point  (413).  But 
the  superficial  magnitude  of  the  image  will  diminish  as  the  square  of 
the  distance  increases :  Hence,  the  apparent  brightness  of  the  image  will 
remain  constant^  whatever  may  he  the  distance  of  the  object. 

As  the  object  recedes  from  the  eye,  the  size  of  the  image  formed  on  the  retina 
diminishes,  the  dotAils  of  the  various  parts  become  crowded  together,  and  only 
the  bolder  outlines  occupy  sufficient  space  to  make  a  sensible  impression,  or  to 
be  clearly  discerned. 

475.  Conditions  of  distinct  vision. — It  may  be  stated  in  general, 
that  two  conditions  are  essential  to  distinct  vision.  Ist.  That  an  object 
should  be  situated  at  such  a  distance  as  to  form  on  the  retina  an  image 
of  some  appreciable  magnitude.  2d.  That  the  object  shall  be  suflB- 
ciently  illuminated  to  produce  a  distinct  impression  upon  the  retina. 

The  dittance  at  tohich  an  object  can  be  aeen  varies  with  the  color  of  the  object, 
and  the  amount  of  illumination.  A  white  object  illuminated  by  the  light  of  the 
sun  can  be  seen  at  a  distance  of  17,250  times  its  own  diameter.  A  red  object 
illuminated  by  the  direct  light  of  the  sun  can  be  seen  only  about  half  as  far  at 
though  it  were  white,  and  blue  at  a  distance  somewhat  less.  Object«  illnminated 
by  ordinary  day-light  can  be  seen  only  about  half  as  groat  a  distance  as  when 
illuminated  by  the  direct  rays  of  the  sun.  The  smallest  visual  angle  ander 
which  an  object  can  be  scon  with  the  naked  eye,  is  estimated  at  twolve  seconds. 
A.11  these  calculations  will  vary  for  different  eyes. 

Persons  having  dark-col <~. red  eyes  can  generally  see  much  farther  than  thoM 
who  have  light-colored  eyes.  Those  whose  eyes  are  trained  to  view  distant 
objects,  as  sailors  and  surveyors,  will  see  objects  that  are  far  too  distant  to  be 
seen  by  the  eyes  of  inexperienced  peri<ona. 

476.  Background. — The  distance  at  which  the  outline  of  any  objeol 
can  be  distinguished,  depends  very  much  upon  the  color  of  adjacent 
objects,  or  of  the  background  on  which  the  object  appears  projected. 
Objects  are  most  distinctly  seen  when  the  color  of  adjacent  objects,  or 
the  background,  presents  a  strong  contrast  to  the  colors  of  the  object 
we  wish  to  see. 
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Golortd  ngnaU,— -For  signal  flsga  ased  at  sta,  ibe  colon  red,  yelloWf  blue,  and 
whiu  are  employed,  bocanae  they  are  readily  .UstingaiBhed,  and  are  eagily  seen, 
with  the  water  or  the  sky  for  a  background.  For  railroad  signals,  the  colors 
rwd,  n^ite,  and  black  are  mostly  used. 

477.  Safllciency  of  illumination. — It  is  Dot  enough  for  distinct 
Tision,  that  a  welMefined  image  of  the  object  shall  be  formed  on  the 
retina.  This  image  must  be  sufficiently  illuminated  to  affect  the  senses, 
and  at  the  same  time  not  so  intensely  illuminated  as  to  overpower  the 
organ.  An  image  may  be  so  faint  as  to  produce  no  sensation,  or  it  may 
be  so  intensely  brilliant  as  to  dazzle  the  eye,  destroy  the  distinctness 
of  vision,  and  produce  absolute  pain. 

When  we  look  at  the  meridian  snn,  its  light  is  so  brilliant  as  to  overpower 
the  eye  and  render  it  impossible  even  to  see  distinctly  the  solar  disc,  bnt  if  a 
sufficient  stratum  of  vapor  or  a  colored  or  smoked  glass  is  interposed,  we  see  a 
well-deflned  image  of  the  sun. 

Many  stars  are  so  distant  that  the  rays  which  enter  the  pupil,  when  converged 
to  a  point  on  the  retina,  produce  no  appreciable  sensation,  but  when  the  amount 
of  light  from  the  same  stan  falling  upon  a  large  lens  is  concentrated  upon  the 
retina,  it  produces  sensation,  and  the  stars  become  visible. 

On  passing  from  a  dark  room  to  one  brilliantly  illuminated,  or  on  going 
out  into  the  open  air  at  night  from  a  well-illuminated  room,  the  sensations 
experienced  are  owing  partly  to  the  contraction  and  expansion  of  the  iris,  as 
explained  in  ^  468,  and  also  to  the  fact  that  the  len^ibility  of  the  retina  is 
diminished  by  long  exposure  to  intense  light,  and  increased  by  remaining  a  long 
time  in  ieeble  light. 

478.  Distance  of  distinct  vision. — Although  the  human  eye  is 
capable  of  seeing  objects  at  both  great  and  small  distances,  most  per- 
sons, when  they  wish  to  see  the  minute  structure  of  an  object  clearly, 
instinctively  place  it  at  a  distance  of  from  six  to  ten  inches  from  the 
eye.  This  point,  called  the  limit  of  distinct  vision,  sometimes  varies  fur 
the  two  eyes  of  the  same  person.  Persons  who  see  objects  at  very 
short  distances  are  called  near-sightedf  while  those  who  see  objects  dis- 
tinctly only  at  greater  distances,  are  said  to  be  long-sighted. 

479.  Visnal  rays  nearly  parallel. — When  we  consider  that  the 
diameter  of  th^  pupil,  when  the  eye  is  adjusted  for  viewing  near  objects, 
IS  only  about  one-tenth  of  an  inch,  if  we  take  the  limit  of  distinct  vision 
at  six  inches,  it  will  be  found  that  the  cone  of  rays  entering  the  eye, 
from  any  single  point,  is  included  within  an  angle  of  one  degree  If 
we  take  the  limit  of  distinct  vision  at  ten  inches,  the  angular  divergence 
of  the  cone  of  rays  entering  the  eye  from  a  single  point  will  be  little 
more  than  half  a  degree.  In  either  case,  therefore,  the  rays  differ  but 
slightly  from  parallel  rays.  For  all  objects  more  remote,  the  rays  may 
properly  be  considered  as  parallel.  Distinct  vision  is  therefore  obtained 
ooly  by  rays  that  are  sensibly  parallel  or  very  slightly  divergent. 
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480.  Adaptation  of  the  eye  to  different  diatancaa. — Altboa^ 

there  is  u  definite  distance  at  which  minute  objects  are  most  diatinotlj 
seen,  the  eye  has  a  wonderful  facility  of  adapting  itself  to  Tiewing 
objects  at  different  distances. 

Let  two  similar  objocU  be  placed,  one  three  feet  from  the  eye  and  the  other  at 
a  dutance  of  six  feet :  If  the  eye  is  fixed  steadily  upon  the  nearer  object  for  a 
few  moments,  it  will  be  distinctly  seen,  while  the  more  remote  object  will  appear 
indistinct,  but  if  the  eye  is  steadily  fixed  upi.n  the  remote  objeoty  that  object 
will  soon  be  clearly  seen,  and  the  ncuror  object  will  ap|K!ar  iodistinoi.  We  thus 
■ee  that  either  the  converging  power  of  the  eye  is  subject  to  rapid  rariatioo,  or 
that  the  distance  of  the  crystalline  lens  from  the  retina  is  changeable.  The 
means  by  which  the  eye  thus  rapidly  adapts  itself  to  viewing  otjeets  at  diUbrent 
distances,  have  not  beer  satisfactorily  determined. 

481.  Appreciation  of  diatance  and  magnitude: — ^Aerial  per- 
apective. — The  appreciation  of  the  distance  and  magnitude  of  oljeots 
is  entirely  a  matter  of  unconscious  training,  or  education,  and  depends 
upon  a  variety  of  circumstances,  as  the  visual  angle,  optio  angle,  oom- 
parison  with  familiar  objects,  distinctness,  or  dimness  of  the  image 
caused  by  intervening  air  or  vapor. 

When  the  magnitude  of  an  object  is  known,  as  the  height  of  a  man,  a  hoaf% 
era  tree,  the  visual  angle  under  which  it  is  seen  enables  as  to  appreciate  its  dt8> 
tance.  If  its  magnitude  is  unknown,  we  judge  of  its  sise  by  comparing  it  with 
other  familiar  objects  situated  at  the  same  distance. 

In  viewing  a  range  of  buildings,  or  a  row  of  trees,  the  visaal  angle  decreaaei 
as  the  distance  increases,  and  the  objects  decrease  in  apparent  site  in  the  save 
nroportion,  but  the  habit  of  viewing  the  houses  or  trees,  and  their  known  altitad% 
causes  us  to  correct  the  impression  produced  by  the  visual  angle,  so  that  they  do 
not  appear  to  decrease  in  size  as  fast  as  their  distance  increases. 

Thus,  when  distant  mountains  are  seen  under  a  very  small  visaal  angle, 
vccupying  but  a  small  space  in  the  field  of  view,  being  accustomed  to  aerial  per- 
spective, we  unconsciously  restore  to  some  extent  their  real  magnitude. 

The  optic  angle,  or  binocular  parallax,  is  an  essential  element  in  appreciating 
distances.  This  angle  increases  or  diminishes  inversely  as  the  distance;  the 
movement  of  the  eyes  required,  to  cause  the  optic  axes  of  the  two  eyes  to  con- 
verge upon  any  object  which  we  are  viewing,  gives  us  an  idea  of  its  distance. 
It  is  only  by  habit  that  we  appreciato  the  relation  between  the  distance  of  an 
object  and  the  corresponding  movement,  required  to  direct  hoth  eyes  upon  it. 

Perfect  vision  cannot  then  be  obtained  without  two  eyes,  as  it  ia  by  the  com- 
bined effect  of  the  images  produced  on  the  retinse  of  both  eyes,  and  the  different 
angles  under  which  objects  are  observoxi,  that  a  judgment  is  formed  respecting 
their  solidity  and  distances. 

A  man  restored  to  sight  by  couching  cannot  tell  the  form  of  a  body  without 
touching  it,  until  his  judgment  has  been  matured  by  experience,  although  a  per- 
fect image  may  be  formed  on  the  retina  of  each  eye.  A  man  with  only  one  ^e 
cannot  readily  distinguish  the  form  of  a  body  which  he  had  never  previonsly 
seen,  but  quickly  and  unwittingly  moves  his  head  ftrora  side  to  side,  so  thai  bis 
one  eye  may  alternately  occupy  the  different  positions  of  a  right  and  a  left  eye ; 
snd,  if  we  approach  a  candle  with  one  eye  shut,  and  then  attempt  to  snoff  It^  ws 
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fhftll  experience  more  difficaltj  than  we  might  have  expected,  becauBe  tl  e  usnaJ 
mode  of  determining  the  correct  distance  is  wanting. 

Infanta  plainly  have  no  notions  of  distances  and  magnitudes  till  taught  ojr 
experienoe  and  comparison  of  optical  appearances  with  the  sense  of  touch. 

482.  Single  viiion  witli  two  eyes. — When  both  eyes  are  directed 
to  the  same  object,  images  are  produced  in  both  eyes,  and  the  inquiry 
is  most  natural  why  all  objects  thus  seen  do  not  appear  double  ?  Pass- 
ing by  much  learning  bestowed  on  thi^  subject,  the  simplest  and  most 
satisfactory  explanation  of  the  phenomenon  is  deduced  from  the  ana- 
tomical structure  of  the  optic  nerves,  and  their  relations  to  each  other, 
and  to  the  brain. 

The  eyes  may  be  compared  to  two  branches  issuing  from  a  single 
root,  of  which  every  minute  portion  bifurcates,  so  as  to  send  a  twig  to 
each  eye.  (MliUer.)  The  optic  nerve  from  the  right  lobe  of  the  brain 
sends  a  portion  of  its  fibres  to  each  eye,  and  also  sends  some  branches 
across  and  backward  to  the  left  lobe  of  the  brain.  A  portion  of  the 
optic  nerve  from  the  right  eye,  instead  of  proceeding  to  the  brain,  curves 
around  and  enters  the  optic  nerve  and  the  retina  of  the  left  eye.  In 
the  same  manner  the  optic  nerve  arising  from  the  left  lobe  of  the  brain 
is  connected  with  the  right  eye,  and  sends  branches  also  to  the  left  eye. 

Branches  of  the  same  nerve  fibres  which  go  to  the  external  side  of 
the  retina  of  one  eye,  go  to  the  internal  side  of  the  other  eye. 

It  is  thus  that  a  perfect  sympathy  and  correspondence  is  established  between 
similar  parts  of  both  eyes.  Hence  whatever  object  is  observed,  if  the  optic  axes 
of  hoih  eyes  are  directed  towards  it,  the  image  is  formed  on  corresponding  por- 
tions of  (he  retina  in  both  eyes,  and  the  mind  receives  the  impression  of  a  single 
object ;  but  the  impression  is  more  vivid  than  if  the  same  object  were  seen  with 
only  one  eye.  So  perfect  is  this  sympathy  between  the  two  eyes,  that  if  one  eyo 
only  it  exposed  to  a  strong  light  the  pupils  of  both  eyes  contract.  If  one  eye  is 
diseased  and  protected  from  the  light,  it  suffers  pain  from  light  entering  only 
Uie  sound  eye. 

483.  Doable  ▼iaion. — If  both  eyes  are  fixed  steadily  upon  one 
object,  any  other  object  seen  at  the  same  time  will  appear  double. 

Fix  both  eyes  steadily  upon  the  flame  of  a  lamp  or  candle,  and  a  finger  held 
between  the  eyes  and  the  light  will  appear  double. 

Drunken  persons,  or  persons  about  falling  asleep,  often  see  objects  double, 
owing  to  the  inability  to  direct  both  eyes  steadily  upon  the  same  object.  The 
tame  phenomena  may  occur  when,  from  any  cause,  the  nerves  which  control  the 
^e  beoome  diseased. 

484.  Binocular  ▼iaion. — A  picture  of  an  object  is  formed  on  the 
reiinaof  each  eye ;  but  although  there  may  be  but  one  obje«:t  presented 
to  the  two  eyes,  the  picture  formed  on  the  two  retinse  are  not  precisely 
Uike,  becumse  the  object  is  not  observed  from  the  same  point  of  view. 

If  the  right  hand  be  held  at  right  angles  to,  and  at  a  few  inches  from  the  fmo9t 
82 
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the  back  of  the  hand  will  be  seen  when  viewed  by  the  right  eye  onlj,  ttd  IIm 
palm  of  the  hand  when  viewed  by  the  left  eye  only ;  hence  the  imagea  formad 
on  the  retinsB  of  the  two  eyes  mast  differ,  the  one  including  more  of  the  rig^ht 
side,  and  the  other  more  of  the  left  side  of  the  same  solid  or  projecting  ot^^eet. 
Again  ;  if  we  bend  a  card  so  as  to  represent  a  triangular  roof,  place  it*  on  the 
table  with  the  gab^  end  towards  the  eyes,  and  look  at  it,  first  with  one  eye  then 
with  the  other,  quicKl)  and  alternately  opening  and  closing  one  of  the  eyes,  the 
card  will  appear  to  move  from  side  to  side,  because  it  is  seen  by  each  eye  under 
a  different  angle  of  vision.  If  we  look  at  the  card  with  the  left  eye  only,  the 
whole  of  the  left  side  of  the  card  will  be  plainly  seen,  while  the  right  side  will 
be  thrown  into  shadow.  If  we  next  look  at  the  same  card  with  the  right  eye 
only,  the  whole  of  the  right  side  of  the  card  will  be  distinctly  visible,  while  the 
left  side  will  bo  thrown  into  shadow ;  and  thus  two  images  of  the  same  objeet, 
with  differences  of  outline,  light  and  shade,  will  be  formed,  the  one  on  the  retina 
of  the  right  eye  and  the  other  on  the  retina  of  the  left.  These  images  falling  on 
corresponding  parts  of  the  retinse  convey  to  the  mind  the  impression  of  a  single 
object,  while  experience  having  taught  us,  however  unconscious  the  mind  may 
be  of  the  existence  of  two  different  images,  that  the  effect  observed  if  always 
produced  by  a  body  which  really  stands  out  or  projects,  the  judgment  naturally 
determines  the  object  to  be  a  projecting  body.* 

485.  Near-8ightedue88. — Many  persons  are  unable  to  see  minute 
objects  distinctly  unless  they  are  placed  within  three  or  four  inches  of 
the  eye.  Such  persons  are  often  unable  to  see  ordinary  objects  di» 
tinctly  in  a  large  foom  or  across  the  street ;  they  are  therefore  said  to 
be  near-sighted  (478).  This  defect  is  owing  to  a  too  great  couTergent 
power,  the  eye  bringing  parallel  or  slightly  divergent  rays  to  a  fbous 
before  they  reach  the  retina. 

To  secure  distinct  vision  in  such  cases,  it  is  necessary  to  bring  the  object  so 
near  the  eye  as  to  render  the  rays  entering  the  eye  considerably  divergent,  when 
the  image  will  be  formed  on  the  retina.  The  same  object  may  be  accomplished 
by  placing  a  concave  lens  before  the  eye,  when  the  rays  from  distant  ol^ects  will 
be  rendered  divergent,  and  the  strong  convergent  power  of  the  eye  will  form  the 
image  on  the  retina.  Concave  lenses  for  near-sighted  persons  should  be  such 
as  have  a  focus  a  little  longer  than  the  distance  at  which  they  see  objects  most 
distinctly. 

48G.  Long-sightedness  commonly  occurs  in  old  people,  when  the 
eye  becomes  flattened  by  diminution  of  its  fluids,  or  some  structural 
change  in  the  crystalline  lens  occurs,  by  which  its  couTergent  power  is 
diminished.  In  such  cases  the  rays  of  light  tend  to  form  an  image 
behind  the  retina,  and  Tision  is  most  distinct  when  the  object,  u  a 
book  when  reading,  is  held  at  a  considerable  distance  from  the  eyes,  su 
as  to  allow  the  image  to  be  formed  on  the  retina. 

This  defect  of  the  eyes,  when  not  accompanied  by  disease,  may  be  entirely 

*  For  a  discussion  of  this  subject,  see  Prof.  W.  B.  Rogers  on  Binoonlar  vision, 
.Am.  Jour.  6ci.  [2]  vol.  XX. 
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remedied  by  asing  eoiiTez  glsssesi  which  make  up  for  the  diminished  conrerg- 
Ing  power  of  the  eyes,  and  bring  the  rays  to  such  a  condition  that  the  eye  is 
enabled  to  bring  the  light  from  near  objects  to  a  distinct  focus  upon  the  retina 
In  such  cases,  howeyer,  the  power  of  accommodating  the  eye  to  different  dis- 
tances is  often  not  as  great  as  in  younger  persons;  hence  many  people  in 
adranced  life  find  it  necessary  to  use  one  set  of  glasses  for  near,  and  another  for 
distant  objects. 

487.  Duration  of  the  impression  npon  the  retina. — Every  one 
knows  that  a  lighted  stick  whirled  rapidly  around  a  circle  appears  like 
a  ring  of  fire.  The  rapidity  of  revolution  required  to  produce  this 
impression  is  one-third  of  a  second  in  a  dark  room,  and  one-sixth  of  a 
second  bj  daylight. 

When  a  meteor  darts  across  the  heavens,  it  appears  to  leave  a  luminous  track 
behind  it,  because  the  impression  produced  upon  the  retina  remains  after  the 
meteor  has  passed  a  considerable  distance  on  its  way.  The  sigsag  course  of  the 
lightning  appears,  for  the  same  reason,  as  a  continuous  track. 

Winking  does  not  interfere  with  distinct  vision,  because  the  continu- 
ance of  the  impression  of  external  objects  on  the  retina  preserves  the 
sense  of  continuous  vision. 

488.  Optical  toys. — Thaomatrope. — A  great  number  of  optical 
toys  and  pyrotechnic  exhibitions  owe  their  effect  to  the  continuance  of 
the  impression  upon  the  retina,  when  the  object  has  cnanged  its  place. 

If  a  horse  is  painted  on  one  side  of  a  card  and  a  rider  on  the  other  side,  the 
rapid  revolution  of  the  card  causes  the  rider  to  appear  seated  on  the  horse.  In 
the  same  manner,  if  any  object  which  takes  a  variety  of  positions  in  moving  is 
painted  in  successive  positions,  at  equal  distances  on  a  revolving  wheel,  so 
arranged  that  one  only  of  the  figures  shall  be  seen  at  a  time,  the  object  is  seen 
performing  all  the  motions  of  real  life.  In  this  manner  a  horse  may  be  made  to 
appear  leaping  a  gate,  or  boys  playing  at  leap-frog.  These  toys  are  called 
tkaumatropea  and  anorthuBcnpet.  Other  toys,  called  phenakUtotcopet  and  phantat- 
copetf  are  variations  Of  the  same  thing,  combined  with  mirrors  and  other  ingenious 
arrangements  on  the  same  principle. 

489.  Time  required  to  produce  visual  impressions. — If  an  object 
moves  with  sufficient  velocity,  it  is  entirely  invisible,  its  image  upon  the 
retina  not  remaining  long  enough  to  produce  any  impression.  This  is 
the  case  with  a  cannon-ball  or  rifle-ball,  viewed  at  right  angles  to  the 
direction  of  ita  flight.  But  if  the  projectile  is  going  from  us,  or  soming 
towards  us,  it  preserves  the  same  direction  long  enough  to  produce  an 
impression.  Motions  describing  less  than  one  minute  of  arc  in  a  second 
of  time  are  not  appreciable  to  us.  Hence  we  do  not  see  the  movements 
of  the  hour  hand  of  a  clock,  or  of  the  heavenly  bodies. 

490.  Appreciation  of  colors. — Color  blindness. — The  power  of 
the  eye  to  distinguish  colors,  varies  greatly  in  different  persons.  Some 
eyes  fail  entirely  in  this  particular,  while  in  every  other  respect  they 
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AT«  perfect  Such  ajaa  are  Mid  Ut  be  color-blind  Some  o 
certain  colon,  aa  T«d  uid  green,  while  tbe;  diHtiaguish  others,  or  while 
the;  recognise  all  the  ciitora  of  the  apeoCrum,  the;  cannot  appreciate 
delicate  ahades  of  the  same  color. 

Colors  are  greatly  modified  bj  proper  oontraat  with  other  ookm. 
Ihus  the  camplementarj  unlnrs  matuallj enhance,  while  thoee  not  ooat' 
plementar;  diminiah  each  other's  beautj  when  contrasted.  The  aeori- 
bllity  of  the  eje  ia  much  diminished  b;  long  inspection  of  anj  oclor, 
and  its  power  of  perceivitii;  the  cnmplementarj  color  in  proportionallj 
increased.  This  principle  is  the  kny  to  harmony  of  colors  in  oatnre 
and  art,  and  serves  to  eiplnin  the  modification  of  color  by  oontraat,  and 
pniiimity  of  two  or  mure  ciilors. 

491.  Chevreara  QlaaalSoatioQ  of  ooloia,  and  ohromatto  dl»- 
graiB.— The  chromatic  dinBrara  of  Chevreut.  fig.  375,  greatly  facilitatM 


the  study  of  complementary  colors,  and  the  modificadona  produoed  by 
their  mutual  proximity. 

Tbm  mdii  of  a  circle  repreient  Browster't  Ihm  cardinal  colon,  iwl,  jvllav, 
asd  blae;  belwHO  then  are  plsctd  orsnK*,  green,  and  rloleL  BeCweea  tlie«s 
six  colnri  are  plsced  redJiih  orange,  orenm  jellOD,  TcHovieh  green,  jinenuhbloe, 
Tiolel  blue,  end  viiileL  nd.  Wo  Ibus  ubtain  twel>e  priucipsl  culots,  tatb  of 
which  mi;  b«  sgsin  divided  intu  five  ecalei  or  hue*,  irhicb  gradaallj  approach 
Ibe  sacveeding  color. 

We  Ihm  hare  the  circamferenc*  of  the  einle,  whloh  r*pr«s«ata  th«  p 
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iip«etnimy  divided  into  sixty  scales  of  pore  colors.  Each  radius  representing  a 
teale  of  colors  is  divided  into  twenty  tone;  to  represent  the  intensity  of  each 
eolor  in  its  own  scale.  The  tone  of  any  color  may  be  lowered  by  the  a<ldition 
of  white,  when  it  will  remain  in  the  same  radius  or  scale,  but  take  a  position  »t 
a  lower  tone,  or  nearer  the  centre  of  the  circle.  A  color  modified  by  black,  is 
•ailed  a  broken  color,  but  as  (he  color  is  deeper,  the  tone  is  carried  towards  the 
sircumference  of  the  circle.  To  represent  the  modifications  produced  by  black, 
Cherreul  employs  a  movable  quadrant,  not  easily  introduced  in  our  illustration. 

When  two  complemeutary  colors  are  mixed,  their  combination  produces  white, 
if  the  colors  are  pure.  The  combination  of  two  colors  not  complementary  pro- 
duces a  certain  quantity  of  white,  but  principally  a  color  which  will  be  found 
in  the  diagram  intermediate  between  the  two  colors,  if  they  are  of  the  same 
tone,  or  nearer  to  the  color  of  deeper  tone,  when  their  tones  or  intensities  are 
different.  The  complementary  color  in  the  diagram  is  found  at  the  opposite 
extremity  of  the  diameter  of  the  circle. 

This  diagram  thus  explains  the  eflect  which  two  colors  produce  upon  each 
other  by  their  mutual  proximity. 

When  two  eoloit  are  placed  near  each  other,  each  eolor  appeart  modified  a9 
though  mixed  with  a  tmall  portion  of  the  complement  to  the  eolor  which  it  near  it. 

Szamples. — (a)  Suppose  blwt  and  yellow  to  be  placed  side  by  side ;  at  one 
extremity  of  a  diameter  we  read  yellow,  and  at  the  opposite  violet,  hence  the 
proximity  of  yellow  gives  to  the  blue  a  shade  of  violet,  or  makes  it  approach 
violet  blue.  In  the  same  manner  we  find  orange  complementary  to  blue;  hence 
the  blue  gives  a  shade  of  orange  to  the  yellow,  or  makes  it  approach  orange 
yellow,  • 

(6)  Let  green  and  yellow  be  contiguous,  the  yellow  will  receive  red,  the  com- 
plement of  green,  and  will  become  orange  yellow,  while  the  green  will  receive 
from  the  yellow  its  complementary  violet.  A  part  of  the  yellow  in  the  green 
will  thus  be  neutralized,  and  the  green  will  appear  bluer  or  less  yellow,  in  fact, 
greenish  blue. 

492.  The  study  of  colon  upon  the  principles  here  laid  down  is 
of  great  importance  to  the  artist  and  manufacturer,  whether  in  repro- 
ducing the  beauties  of  nature,  or  in  architectural  decoration ;  also  in 
weaving,  embroidery,  and  costume. 

The  skillful  salesman  knows  bow  to  enhance  the  brilliancy  or  beauty  of  his 
goods  by  artfully  contrasting  the  pieces  which  he  hopes  to  sell  by  others  having 
oomplementary  colors.  Qood  taste  in  dress  never  violates  these  principles, 
regarding  with  care  the  complexion  of  the  wearer  in  contrast  to  the  colors 
selected.  Florid  skins  can  bear  dark  hues  in  dress,  while  delicate  complexions 
are  made  pallid  by  heavy  colors.  A  green  dress  or  wreath  increases  the  freshness 
of  a  rosy  complexion.  A  crimson  dress  and  scarlet  shawl  worn  together  appear 
mntnally  dull  and  heavy,  while  either,  with  the  contrast  of  an  appropriate  shade 
of  green,  would  be  attractive  and  tasteful.  These  topics  will  be  found  fully  con- 
sidered in  **  Chevreul  on  Colors." 

I  6.  Optical  Instmmenta. 

493.  Magnifying  glaases. — Single  lenses,  used  for  magnifying 
small  objects,  occupy  an  important  place  in  the  arts.  They  are  used 
by  watch-makers,  jewelers,  engravers,  and  other  artisans,  whose  labors 

32* 
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are  performed  upon  minute  struotures.  Thefte  instruments  oocnpj  • 
middle  place  between  spectacles  and  the  regular  microsoope  composed 
of  a  variety  of  parts. 

A  thorough  knowledge  of  the  usos  and  powers  of  simple  lenses  forms  the  baiis 
of  all  calculations  of  the  powers  and  uses  of  mofe  complex  instruments,  like 
the  compound  micruseopo  and  the  telescope. 

The  eye  takco  no  coguisance  of  real  magnitude,  which  it  can  only  estimate  l»y 
inference,  but  notices  directly  apparent  magnitade,  which  is  determined  in  all 
eases  by  the  visual  angle  under  which  objects  are  seen  (472). 

We  have  seen  (479)  that  it  is  essential  to^distinct  Fision  that  the  rays  enteriag 
the  pupil  from  any  one  point  of  an  object  should  be  parallel,  or  slightly  direr- 
gent,  the  distance  of  must  distinct  vision  being  generally  from  fire  to  ten  inches. 
For  near-sighted  persons,  this  distance  is  as  itmall,  sometimes,  as  two  or  three 
inches,  and  for  eyes  enfeebled  by  age,  it  extends  from  fifteen  even  to  Ihirljy 
inches. 

494.  The  magnifying  po^ver  of  a  lens  is  found  with  sufficient 
accuracy  for  ordinary  purposes  by  dividing  the  limit  of  distinct  vision 
(ten  inches)  by  the  distance  of  the  principal  376 

focus  of  the  lens. 

Let  A  B,  fig.  376»  be  an  object  placed 
before  a  convex  lens,  so  much  nearer  to  the 
lens  than  the  focus,  F,  that  the  rays,  after 
refraction  by  the  lens,  shall  be  in  that  state 
of  slight  divergence  best  adapted  to  produce  distinct  vision,  that  is, 
diverging  as  though  emanating  from  a  point  at  a  distance  of  ten 
inches  or  the  limit  of  distinct  vision.  Let  a  b  represent  the  virtoal 
image,  formed  where  the  refracted  rays  would  meet  if  extended  back- 
ward, then  ab  yri\\  be  as  much  greater  than  AB,  as  its  distance  from 
the  lens  is  greater  than  the  distance  of  the  object,  A  B,  from  the  lens. 
The  divergence  of  rays  of  light  entering  the  small  opening  of  the 
pupil,  from  a  point  ten  inches  distant,  is  so  small  that  we  may  consider 
them  parallel,  and  then  the  object,  A  B,  ^ill  be  nearly  at  F,  the  prin- 
cipal focus  of  the  lens. 

To  estimate  the  magnifying  power  of  a  lens  more  acenrately;  let  the  distaaee 
of  most  distinct  vision  be  represented  by  e;   with  a  lens  interposed,  the  eye 

sees  a  virtual  image  of  the  object,  therefore,  in  the  formula  for  a  convex  lent,  let 

«        «         «  /> 

V  =s  —  e.  and  then = .*    «  = ,  which  is  the  distance  of  the 

«       /        «  •+/ 

object  from  the  lens.     If  the  eye  is  placed  close  to  the  lens,  the  magnifying 

e         «  -f-  /  « 

power  represented  by  if  will  be,  Jf  =  -  = :=  1  -f.  _. 

»  /  / 

If  the  eye  is  placed  at  a  distance  firom  the  lens  represented  by  d,  we  shall  hav« 

the  distance  of  the  virtual  image  a  b  from  the  lens  represented  by  c'  ss  e  —  (/• 
and  the  magnifying  power  will  become,  if  =  1  4~  . 


tr  th«  «f*  ia  placrd  .it  *  diglaace  from  tha  lana  •qoal  b    U  principal  ficna. 
•r,  <f  = /,  tbw  M  ^  -,  uid  in  tbM  cue  tha  magnifjiDg  powai  Tor  diflcreol 


ir  tba  e}B  i 


IB  sqnml  to  tha  diatanca  at  wbii 
d  Jf=>l,arlhaobji»li>n. 


ii  plHod  at  a  ditlBTiM  ttom  tbe  la 

it  MCI  objeota  moit  diatiastl;,  tben  =>  0,  a 

oagnUed  b;  Uie  action  of  the  Icni. 

The  luperficial  nmgiitfjrmg  power  is  equal  to  the  iqnare  of  the  linenr 
magnifyiiig  power  given  bj  the  rule  stated  above ;  but  the  linear  mag- 
Difjing  power  ia  alone  commonlj  used  in  acientifio  treatitiea. 

495.  The  simple  mloroaoopa  acta  in  Uie  tame  manner  m  the 
aingle  lena  or  mBgoifying  glasB.  Instead  of  ft  single  lena,  a  doublet  or 
triplet,  acting  u  a  single  lens,  is  often  used. 

RaapaU'a  diflaeotlng  miotoaoope,  ihown  ii 

Bg.  3TT,  is  the  moit  complata  aimpla  microaoopa. 
masnif^itig  leaa,  n,  monoled  in  a  dsrl 


ip.  A,  \ 


rapport,  aleralad  and  depraaaed  bj  the  milled  head 
K,    or   tangthaned   b;  tomiag    tbe    mijtad    bead   C. 
Below  tbe  leu  <i  the  atage  B,  which  auppDrti 
object  to  be  eiaminad.     Tbe  eoDcave  mirrer,  H. 
ba  io  adjaxed  a«  to  illamiDBto  tba  object  bj  a 
eanlratwl  peoeil  of  tranimitlad  light. 

Ia  Diing  thia  mieroacope,  the  eye  ia  placed 
the  lani  a,  which  ma;  be  eleiated  or  depraa>c< 
the  foeiu  !■  adjaated  to  girt  tha  moat  diatinct  view  of  the  object  on  the  i 
Opaqoe  objecti  are  illaminated  b;  a  bull'a  eye  lena. 

By  aaing  lansaa  oS  dtBerent  foci,  magnifying  powera  may  b«  obtained  witt 
iAatmmeat,  Taring  from  two  In  one  handnd  nod  twenty  diamet«ra. 

496.  Tlia  oompotiiid  mloroaoopa  consists,  essentiallj,  of 
lenaee,  eo  arranged  that  when  an  object  is  placed  37^ 

a  liUle  beyond  the  principal  focus  of  the  6rst 
lens,  i(a  image  maj  be  formed  in  the  principal 
fooiu  of  the  second  lens,  bj  which  it  is  viewed  i 

m»  an  otyect  ie  viewed  bj  a  oommoo  magnifier.  J 

The  arrangeoieDt  of  the  leasee  in  the  camponud  / 
mleroioope  la  ihowo  in  flg.  3TA,  and  alao  the  poaition  // 
of  the  object,  and  tbe  imagea  both  real  and  rirtual.  // 

The  ol^eet,  t  r,  being  placed  near  the  lirat  lena,  n  h,  ^^ — 
called  the  oh}eet-glaai,  an  image,  inTerl«d  and  macb 
•Diargad,  la  formed  at  R  S,  in  the  rocng  of  tbe  second 
lana,  4  e,  called  the  eye-gla«B.  By  ibis  lena,  the  rays 
are  transmitlsd  iligbtlj  diiergent,  and  in  the  exact 
■ondiUoa  to  prodace  diitinct  Tiaion  when  viewed  by 
(ha  ay*.    The  raya  bwiaioitled  throngh  tbe  eye-glaae.  U  traced  backward 
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dUtance  of  distinct  visioD,  form  a  rirtnal  imaji^  at  R'  S',  maeh  largor  tliaii  th« 
real  image  R  S,  formed  by  the  action  of  the  first  lens. 

Such  a  compound  microscope  as  the  one  shown  in  this  fignre,  is  snbjeet  to 
chromatic  and  spherical  aberration,  and  the  image  viewed  by  the  eye  is  n<rt 
straight  as  shown  in  the  figure,  but  curved  so  as  to  appear  convex  towards  the 
eye.  These  imperfections  are  almost  entirely  corrected  in  the  achromatic  eow  ■ 
pound  microscope  described  in  ^  511. 

497.  The  telescope  is  an  instrument  constructed  far  viewing  dis* 
tant  objects. 

Telescopes  are  of  two  kinds.  Refracting  telescopes  are  constructed 
of  lenses.   Reflecting  telescopes  contain  one  or  more  metallic  reflectors. 

498.  The  telescope  used  by  Qalileo  in  1609,  is  the  oldest  form 
of  which  we  have  any  definite  description.  The  Galilean  telescope 
consists  of  a  convex  lens,  of  long  focus,  and  a  concave  lens  of  short 
focus  placed  at  a  distance  apart,  equal  to  the  difference  of  their  princi- 
pal foci.  The  light  from  distant  objects  collected  by  the  large  surface 
jf  the  convex  field-lens,  is  brought  to  such  a  state  of  divergence  by  the 
concave  eye-lens  as  to  produce  distinct  vision  in  the  eye. 

The  magnifying  power  of  the  Galilean  telescope  is  found  by  dividing 
the  principal  focus  of  the  convex  lens  by  the  principal  focus  of  the  con- 
cave lens. 

The  convex  lens,  M  N,  fig.  379,  tends  to  form  an  image  of  a  distant  object) 
A  B,  very  near  its  principal  focus,  as  at  ab.    The  concave  Ions,  E  F,  being 

379 


placed  between  the  convex  Ions  and  the  image,  a  b,  renders  the  rays  which  wera 
converging  to  a,  slightly  divergent,  as  though  emanating  from  a  point,  a*,  at 
the  distance  of  distinct  vision,  about  ten  inches.  The  same  efieot  is  prodneed 
on  the  rays  converging  to  b.  The  direction  of  the  oblique  pencils  is  ehanged, 
and  the  extremities  of  the  image  appear  in  the  secondary  axis  a  0*  a',  and  6  0'  V, 
drawn  from  a  and  6  through  0',  the  optical  centre  of  the  lens  E  F.  It  is  espe- 
cially to  be  noticed,  that  while  the  rays  from  any  one  point  in  the  object  are 
rendered  parallel,  or  slightly  divergent,  by  the  concave  lens,  the  pencils  fh>m  the 
extreme  points  converge  at  0'  much  more  than  at  0,  making  the  visual  angle 
a'  0'  b  ,  under  which  the  object  is  seen  by  the  telescope,  much  greater  than  th« 
visual  angle  a  0  6,  under  which  the  object  would  appear  without  the  telescope. 

Since  the  angle  A  0  B  is  equal  to  o  0  6,  and  a'  0'  b'  is  equal  to  a  0'  6,  th« 
visual  angle  a*  0'  b'  is  to  the  angle  A  0  B  as  0  F  is  to  0'  F,  and  the  image  a'  h* 
appears  as  much  greater  than  the  object  as  the  focal  length  0  F  of  Uie  convex 
lens  exceeds  the  focal  length  0'  F,  of  the  concave  lens. 
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The  opera-glass  consists  generally  of  two  Gali'idan  telescopes,  placed 
near  together,  to  allow  of  distinct  vision  by  both  eyes. 

Night-glasses,  used  by  seamen,  are  constructed  like  large  opera- 
glasses.  They  serve  to  concentrate  a  large  amount  of  light  in  such  a 
condition  as  to  allow  of  distinct  vision,  and  thus  enable  the  eye  to  see 
objects  distinctly  in  the  night.     They  have  a  low  magnifying  power. 

With  the  Qalilean  telescope  in  all  its  forms  the  object  api>ear8  erect. 

409.  The  astronomioal  telescope  may  be  constructed  with  a 
convex  lens  placed  beyond  the  image  forme(?  ^y  the  field-lens.  The 
second  lens  then  magnifies  the  image  formed  by  the  first  lens.  The 
object  appears  inverted,  but  this  occasions  very  little  inconvenience  in 
astronomical  observations. 

500.  Bye-pieces  are  certain  combinations  of  lenses  used  in  both 
telescopes  and  microscopes  to  magnify  the  image  formed  by  tlie  lens 
nearest  to  the  object.  They  have  less  spherical  and  chromatic  aberration 
than  a  single  lens,  and  also  enable  the  eye  to  take  in  a  larger  extent 
of  the  object  to  be  examined  than  could  otherwise  be  seen. 

The  positive  eye-piece,  invented  by  Ramsden,  consists  of  two 
plano-convex  lenses,  with  their  convex  surfaces  turned  towards  each 
other,  and  placed  at  such  a  distance  that  the  object  or  image  to  be 
viewed  by  it  is  seen  distinctly  when  brought  very  nearly  in  contact 
with  the  first  lens.  To  secure  this  result,  the  distance  between  the 
lenses  must  be  a  very  little  less  than  one-half  the  sum  of  their  focal 
lengths  for  parallel  rays.  The  spherical  aberration  produced  by  this 
eye-piece  is  only  about  one-fourth  as  much  as  if  a  single  lens  were  Ui!»ed. 
The  chromatic  aberration  also  is  less  than  with  a  single  lens. 

Let  F  F,  fig.  380,  be  the  field-lens,  and  E  E  the  eye-lens  of  the  positive  eye 
piece.     Let  mn  be  an  image  formed  by  the  380 

object-glass  either  of  a  telescope  or  a  micro- 
scope, then  each  ray  from  the  image  on 
passing  the  lens  F  F  becomes  colored,  ep,bv, 
representing  the  violet  rays,  and  c  r,  b  r, 
representing  the  red  rays.  The  red  rays, 
jrhich  are  least  refracted  by  the  first  lens, 
fall  near  the  borders  of  the  second  lens,  where  the  refractive  power  is  greater 
than  where  the  more  refrangible  violet  rays  fall ;  hence  the  second  lens  tends  to 
correct  the  chromatic  dispersion  of  the  first,  and  the  violet  and  red  rays  enter 
the  eye  very  nearly  as  though  emanating  from  a  common  point.  This  is  an 
important  excellence  of  the  positive  eye-piece ;  but  a  yet  more  important  advan 
fcagft  of  this  eye-piece  is,  that  the  image  is  less  distorted  than  when  only  a  single 
lens  is  osed. 

The  negative  eye-piece,  which  was  invented  by  Huyghenft,  con- 
4\bU  generally  pf  two  plano-cpi^vex  lenses,  having  the  convex  surfaces 
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□r  biitb  tarn^  tovards  the  objeut-glaas.  Tlie  Iwu  lensua  are  plao^  >l 
ii  diatance  frum  each  other  equat  t<i  une-ljalf  the  sum  of  tbair  fucal 
lengths.  The  imuge  h  formed  hettreeo  the  lenses.  Tliia  »rmDgem«nt 
vimaiderablj  enlarges  the  field  of  view,  &nd  diminishes  th«  sphericnl 
iil>erra(lon ;  the  uhromatie  alierratinn  is  also  lew,  and  it  is  more 
equiilixed  in  nil  pnru  of  tlio  Gold  Ihaa  in  other' eje-pieoes. 

In  tlia  mDat  purfuot  farm  <i{  tba  negatJTa  eje-pi<K«,  BODurding  Ui  Prot.  Airj. 

•»nv«i  ■[lis  tawKrd  tba  objeet,  uil  an  sye-IeDii  baling  Ihe  fonu  uf  liacL  iphariul 
abamUinu  |»1|,  wilb  Ibr-Te  Doncex  lida  IDHsrrta  tba  olueot. 

Tha  tucaa  leogtbi  o[  Itao  Bald  aiid  «;«  Iodhs  ibuuld  be  to  awb  utbar  *a  3  ta  1, 
mud  thalr  dblauce  apart  aqiuL  to  one-half  the  suu  of  tbair  focral  loagtbi. 

In  ojB-piaHi  deiignod  toi  tba  mioroiDope,  [niuad  af  eitimaling  the  priniipat 
liHMil  length  of  tba  field-leni,  oa  oiiut  lake  Ica  noi^ugaU  focai  when  Ihe  objesl 
li  placod  in  Ibe  position  of  tba  ult]Mt-g1iui  of  lh<  mioroicops. 

Tba  aalion  of  tba  negiiliva  e;a-pia»  will  ba  mure  fully  aiplained  in  ODDoectloB 
■  ilb  the  oiiiiipoiiiid  adhiuinalio  mioruauopBlSlI). 

The  teireetrlal  eye-pieoe  c(mHi<its  uf  fuur  lensca,  t«»  of  them  being 

111  led  solnly  to  produce  nn  erect  imnge. 

Fig.  3fH  shows  a  a^tiun  of  Oiu  foinmoii  tp^-gtan  ot  Itrralrial  ttltm-pt,  iriU 


length  when  i 


Iboli 

501.  HaQBCtlng  telescopes  nre  extensiveljr  used  fur  astmni'Uiioul 
obaerviitionH.  A  variety  of  fornie  hnve  beeu  iiivenlail  by  different 
observers,  but  iu  all  ii  metallic  Hpcouliim  is  employed  to  form  an  imaga 
uf  diat&nt  olijeett.  aod  an  eye-piei'e  xk  used  to  niBgnify  the  im.ige. 

902.  Sit  ^Vllliam  BerBChel's  teleaoope.  shoirn  in  fig.  3H'2,  iron 


■iMsoranpeculum,  SS,  set  in  a  tube  Homevhst  larger  than  the  diainoler 
u(  tlip  iipecnlum,  and  an  e;»-piace,  rf,  placed  at  me  aide  of  the  open 
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end  of  the  tube.  The  axU  of  Ihe  specalam,  represented  by  the  dotted 
line  a  N,  is  8o  inclined  that  parallel  rajs,  falling  on  every  part  of  the 
specolam,  will  be  reflected,  converging  to  the  side  of  the  tube  where 
(he  eye-piece  is  placed  to  receive  them.  The  size  of  the  tube,  and  the 
tnclination  of  the  axis  of  the  speculum,  is  so  adjusted  that  the  eye  of 
the  observer  may  be  placed  at  £  without  intercepting  any  part  of  the 
light  which  can  fall  upon  the  speculum  in  such  a  direction  as  to  be 
r^ected  to  the  eye-piece. 

Sir  William  Heraehers  great  telescope  had  a  specnlum  four  feet  in  diameter, 
three  aad  a  half  inches  thick,  weighing  two  thousand  one  hundred  and  eighteen 
pounds.  Its  focal  length  was  fortj  feet,  and  it  was  set  in  a  sheet-iron  tnhe 
thirty-nine  and  a  half  feet  long,  and  four  feet  ten  inches  in  diameter.  When 
directed  to  the  fixed  stars  it  would  bear  a  magnifying  power  of  six  thousand 
four  hundred  and  fifty  diameters. 

This  is  called  the  front  riew  telescope,  because  the  observer  sits  with  his  back 
to  the  object  and  looks  into  the  front  end  of  the  telescope. 

503.  Lord  Roaae's  telescope. — By  far  the  largest  reflecting  tele- 
scope ever  constructed  was  made  by  the  Earl  of  Rosse.  It  was  com- 
menced in  1842,  and  was  so  far  completed  as  to  be  used  for  the  first 
time  in  February,  1845. 

The  great  speculum  is  six  feet  in  diameter,  has  a  focal  length  of 
fifty-four  feet,  and  weighs  four  tons.  An  additional  speculum  to  be 
used  in  the  same  instrument  weighs  three  and  a  half  tons.  The  tube 
is  of  wood,  hooped  with  ifon,  seven  feet  in  diameter,  and  fifty- two  feet 
in  length. 

This  telescope  has  fittings  to  mount  the  eje-pieces  either  for  front  view,  as  in 
Hersehers  telescope,  or  at  the  side,  as  in  the  Newtonian  form  :  for  this  purpose  a- 
small  speeulom  is  placed  aA  an  angle  of  45°,  reflecting  the  rays  at  a  right  angle 
through  an  orifice  in  the  si4e  of  the  tube,  where  the  eye-piece  is  placed. 

The  base  of  the  inptrument  is  supported  upon  a  universal  joint ;  and  by  chains 
and  windlasses  this  mammoth  telescope  is  moved  with  ease,  between  two  lofty 
walls  suppdrting  movable  galleries,  which  ensble  the  observer  to  follow  the 
instrument  |n  any  required  position. 

The  amount  of  light  on  any  surface  being  as  the  square  of  the  diameter,  if  we 
reckon  the  pupil  of  the  human  eye  at  one-tenth  of  sn  inch  in  diameter,  this 
teleseope  will  be  seven  hundred  and  twenty  times  as  broad  as  the  pupil,  or  have 
ao  area  five  hundred  and  eighteen  thousand  and  four  hundred  times  as  great  as 
the  unaided  eye.  If  one-half  the  light  is  lost  by  reflection  from  the  mirror,  we 
•hall  still  have  two  hnndred  and  fifty  thousuid  times  as  much  light  as  commonly 
enters  the  eye.  We  need  not  wonder  therefore  at  the  marvellous  power  with 
which  Uiis  instrument  penetrates  the  remoter  regions  of  celestial  space. 

504.  AchroniatiQ  teleaoopea. — The  principle  of  achromatism  has 
been  briefly  explained  in  |  4G6,  where  it  has  been  shown  that  a  convex 
l«ns  of  crown  glass  paay  be  combined  with  a  concave  lens  of  longer 
fijcfis,  mede  of  flint  glass,  which  has  a  higher  refractive  and  dispersive 
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power,  the  combination  producing  refraction  without  dispersioQ,  and 
consequently  forming  an  image  free  from  the  primary  prismatic  colors. 

The  oommoD  form  of  acbromatio  eompound  lens  is  a  plano-concaTtt  l«Df  of 
flint  glass,  united  with  a  double  convex  lens  of  crown  glass.  Such  lenMHi  are 
found  in  opera-glasses  and  spy-glasses,  called  achromatic,  used  both  on  land  and 
at  sea.  This  form  of  lens  is  also  often  employed  in  the  smaller  astronomical 
telescopes.  But  in  such  glasses  a  certain  amount  of  spherical  aberration  remains 
uncorrected. 

To  secure  perfect  correction  of  spherical  and  chromatic  aberration  at  the  saiae 
time,  a  double  concave  lens  of  flint  glass  has  been  placed  between  two  doubla 
convex  lenses  of  crown  glass,  the  curved  surfaces  of  the  several  lenses  being 
carefully  estimated  in  view  of  the  refractive  and  dispersive  powers  of  the  two 
kinds  of  glasti  employed. 

The  refraciivo  and  dispersive  powers  of  glass  are  so  variable,  that  the  opticiaa 
is  obliged  to  determine  them  anew  for  every  new  specimen  of  glass,  and  ottimata 
again,  by  the  formulas  already  given,  the  proportional  curvatures  of  the  lenset 
to  be  constructed  from  it. 

Sir  John  Herschel  found  that  an  achromatic  object-glass  of  the  form 
shown  in  fig.  383,  will  be  nearly  free  from  spherical  aberration,  if  the 
exterior  surface  of  the  crown  lens  is  6*72,  and  the  exterior  sur-     sSS 
face  of  the  flint  lens  14*20,  the  focal  length  of  the  combination  ^ 
being  1000  ;  and  the  interior  surfaces  of  the  two  lenses  being 
computed  from  these  data  to  destroy  the  chromatic  aberration 
by  making  the  focal  lengths  of  the  two  glasses  in  the  direct 
ratio  of  their  dispersive  powers  (467).   The  two  interior  surfaces 
that  come  in  contact  may  be  cemented  together  if  the  lenses  are 
small. 

Until  quite  recently,  almost  insuperable  obstacles  interfered  with  tho  mans- 
facture  of  flint  glass  in  large  pieces  of  uniform  density,  free  from  Toins  and 
imperfections. 

In  1828,  nn  achromatic  Ions  fourteen  inches  in  diameter  was  considered  a  true 
marvel  of  optical  arL  The  object-glass  in  the  great  achromatic  renraetlag  tele- 
scope  at  Cambridge,  Mass.  (one  of  the  largest  in  use),  is  about  sixteen  inehet  in 
diameter,  with  a  clear  aperture  of  fifteen  inches,  and  it  cost,  nnmoanted,  aboat 
$15,000.  Mr.  Bontemps,  a  French  artist,  employed  in  the  glass  works  of  Metiri. 
Chance,  Brothers  A  Co.,  Birmingham,  Eng.,  has  succeeded  in  producing  a  disk 
of  flint  glass  twenty-nine  inches  in  diameter,  two  and  a  half  inches  thick,  weigh- 
ing  two  hundred  pounds,  and  pronounced  by  the  most  skillfnl  optioiaas  Teiy 
nearly  faultless. 

50.5.  Eqaatorial  mountings  for  teleacopea. — With  telescopes  of 
great  power,  the  diurnal  motion  of  the  earth  causes  a  celestial  direct  to 
pass  out  of  the  field  of  view  t(H)  rapidly  to  allow  of  satisfactory  obsenra* 
tion.  To  obviate  this  difficulty,  a  system  of  machinery  called  an 
equatorial  mounting,  has  been  devised,  to  give  to  the  telescope  such  a 
uniform  motion  as  to  keep  any  celestial  object  constantly  in  the  field 
of  viow. 


*  An  wtl*  flnnlj  nrpporUd  is  ptttctd  pirallol  to  the  Kxla  of  Iba  «uth,  «iid  l> 

Maud  to  reiDlTB  b;  cloak-work  iritb  m  mnlion  eiull;  equnl  to  lbs  ndanal 

aolion  nf  ibe  bHircni.     A  mpodiI  siis,  acrogi  wbii-b  Ihe  MtMtope  1>  mounted, 

Gied  u|iun  lus  Drtil.  uii,  aud  it  rigbt  sagtei  with  iL     Tlin  iBlmcnpti  mm 

iD»T*d  in  rigbl  ■•MDilin  hj  motion  on  tbo  Bnl  uii      Wbco  the  tsleipoi* 

d  lbs  noremcnt  of  the  duck-work  wilJ  ciu»  it  b.  folloii  Ihf  mulion  of  tbs 


S06.  The  Cainbiidge  telescope  witb  equatorial  e 
«h'>wti  ill  fig.  384. 

It  lUndi  on  •  griinitg  pier  siiriiii-inled  by  >  t^iiiKlv  hli,i-k  uf  ( 
)■  hglibt,  lo  wbii^h  llic  mctiiDic  Iji'd-jiUtD  uf  Ihs  Uilcscupu  i«  > 
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moved  by  ehaios,  is  opened  when  the  telescope  is  in  ase.  The  hour  eirele 
attached  to  the  equatorial  axis  is  eighteen  inches  in  diameter,  dirided  on  sflrer, 
and  reads  by  two  Terniers  to  one  second  of  time.  The  deelination  cirele  ia 
twenty-six  inches  in  diameter,  divided  on  silver,  and  reads  by  four  Temien  to 
four  seconds  of  arc. 

The  movable  portion  of  the  telescope  and  machinery  is  estimated  to  weigh 
about  three  tons,  but  it  is  so  perfectly  counterpoised  and  a4juaied  that  the 
observer  can  direct  the  instrument  to  any  part  of  the  heavens  by  a  Tery  alight 
pn'8tiure  of  the  hand  upon  the  balance  rods.  This  great  achromatie  teleaeope 
hm  eighteen  different  eye-pieces,  giving  to  the  instrument  magnifying  powers 
varying  from  103  to  2000  diameters. 

507.  The  visoa'  power  of  teleacopea,  or  the  aid  which  they  aflSwd 
in  viewing  distant  objects,  depends  upon  the  comhined  effects  of 
increased  light  and  magnifying  power. 

Sir  William  Ilerschel  relates  that,  on  a  certain  occasion,  when  on 
account  of  the  darkness  a  distant  steeple  was  invbible,  a  telescope 
showed  very  distinctly  the  time  by  the  clock  on  the  tower.  Here  but 
little  magnifying  power  was  required,  and  there  was  a  deficiency  of 
illumination,  yet  the  telescope  supplied  both. 

To  understand  the  principles  upon  which  this  power  of  telesoopes 
dnpends,  it  is  necessary  to  attend  to  the  following  particulars : — 

1.  Magnifying  power  is  measured  by  the  enlargement  of  the  image 
seen  in  the  telescope,  as  compared  with  the  apparent  dimensions  of  the 
object  as  seen  by  the  naked  eye. 

2.  The  illuminating  potoei-  of  the  telescope  is  the  amount  of  light 
^hich  it  collects  from  any  object,  and  transmits  to  the  eye  for  the  par- 
poses  of  vision,  as  compared  with  the  amount  of  light  from  the  same 
object  received  by  the  unassisted  eye. 

The  illuminating  power  of  the  telescope  should  be  oarefblly  distingnithed  firon 
illumination  of  the  object. 

3.  Penetrating  potoer  la  the  ratio  of  the  distances  at  which  the  eye  and 
telescope  would  collect,  for  the  purposes  of  vision,  an  equal  amount  of 
light.  Hence  the  penetrating  power  of  a  telescope  is  equal  to  the 
square  root  of  the  illuminating  power. 

4.  The  visual  power  of  a  telescope  is  found  by  extracting  the  square 
root  of  the  product  obtained  by  multiplying  the  penetrating  power  bj 
the  magnifying  power. 

Putting  P  for  the  penetrating  power  of  a  refracting  telescope,  c  for  the  pro- 
portion of  light  transmitted  by  a  single  lens,  n  for  the  number  of  lenses  in  tbf 
instrument,  A  the  available  diameter  of  the  field-lens,  and  a  for  the  diameter  of 

the  pupil  of  the  eye,  we  shall  have  the  illuminating  power  =       y  . 


JA-'x*        A     /. 
The  penetrating  power,       />="%'  — j-  =  —  |,/j 
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The  Tmloe  of  ;b  in  thif  eqnftiion  will  rarj  with  the  thickness  of  the  lenses,  the 
iegree  of  polish,  and  the  amount  of  cnrTatare ;  bat  for  ordinary  purposes  of 
ealenlation  we  may  consider  its  ralue  as  varying  ftt>m  |^  to  ^. 

Let  M  represent  the  magnifying  power  and  V  the  visual  power  of  a  telescope, 

and  we  shall  hare  generally,       V  =  j/'mp  =  \  if.— .«'  I  *. 

It  will  be  evident  that  the  best  effect  with  the  telescope  wUl  be  obtained  when 
the  penetrating  and  magnifying  powers  are  nearly  equaL  If  the  magnifying 
power  is  in  excess,  though  the  image  may  be  enlarged,  it  will  be  too  faint  to 
produee  a  clear  impression.  If  the  magnifying  power  is  too  small  in  proportion 
to  the  penetrating  power,  the  eyes  will  be  dasiled  by  the  excess  of  light,  while 
the  several  parts  of  the  image  will  not  be  clearly  separated  upon  the  retina. 

The  magnifying  power  of  the  telescope  is  therefore  varied  by  the  use  of  dif- 
ferent eye-pieces  (506)  to  suit  the  state  of  the  atmosphere  and  the  degree  of 
illumination  of  the  object  viewed. 

508.  Achromatic  object  glasses  for  microscopes,  if  constructed 
of  the  forms  used  in  telescopes,  are  very  unsatisfactory.  In  the  first 
place,  it  is  found  exceedingly  difficult  to  construct  such  lenses  sufficiently 
small  for  the  high  magnifying  powers  required  in  the  microscope. 
Secondly,  the  largest  achromatic  lenses  for  telescopes  have  but  a  small 
diameter  in  proportion  to  the  length  of  their  foci,  and  if  lenses  for  the 
microscope  have  a  diameter  equally  small  in  proportion  to  their  foci, 
tbey  admit  too  little  light  to  be  of  much  practical  utility.  But  if  their 
diameter  is  increased,  the  light  admitted  through  the  borders  of  the 
lenses  pi^uces  fringes,  with  colors  in  the  inverse  order  of  the  solar  spec- 
trum, showing  that  while  the  color  is  perfectly  corrected  in  the  centre, 
the  correction  effected  by  the  concave  lens  is  too  great  at  the  margin. 

509.  Lister*8  aplanatic  foci,  and  compound  objectives. — The 
disGOveries  of  Joseph  Jackson  Lister,  Esq.,  communicated  to  the  Royal 
Society  in  1830,  have  proved  of  the  utmost  value  in  perfecting  the  com- 
pound achromatic  microscope.  His  preliminary  principles  are,  Ist,  that 
plano-convex  achromatic  lenses,  shown  in  fig.  371,  are  most  easily  con- 
structed. 2d,  that  if  the  convex  and  concave  lenses  have  their  inner 
surfaces  of  the  same  curvature,  and  are  cemented  together,  much  less 
light  is  lost  by  reflection  than  if  the  lenses  are  not  cemented.  Mr. 
Lifter  discovered  that  every  such  piano-  385 

convex  achromatic  combination  as  A  A,  /»  ^ 

ii>5.  385,  has  sone  point,  as  y,  not  far    -.../ z^-^W^ 

from  its  principal  focus,  from  which  /T, C-^^'^c^ 

radiant  light  falling  upon  the  lens  will    i- 

l>e  transmitted  free  also  from  spherical  *^  ^        *' 

aberration.  This  yoint  is  therefore  called  an  apLanaiic  focus.  The 
incident  VKj^fdy  makes  with  the  perpendicular,  id,  an  angle  con- 
sTderably  less  than  the  emergent  ray,  e  g,  makes  with  e  h  the  perpen- 
dicolar  at  the  point  of  emergence.    The  angle  of  emergence  is  nearly 
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three  times  as  great  as  the  angle  of  incidence,  and  the  rays  emerge  from 
the  lens  nearly  parallel,  or  converging  towards  a  focus  at  a  moderate 
distance  from  the  lens. 

If  the  radiant  point  is  now  made  to  approach  the  lens,  so  that  the  rmj/dtf 
becomes  more  divergent  from  the  axis,  as  the  angles  of  incidence  and  emerpsiiei 
become  more  nearly  equal  to  each  other,  the  spherical  aberration  becomes  iMga> 
tive  or  over-corrected.  But  if  the  radiant  point,  /,  continues  to  i4>proaeh  lbs 
glass,  the  angle  of  incidence  increases,  and  the  angle  of  emergence  diminishes 
and  becomes  less  than  the  angle  of  incidence,  and  the  negative  spherical  aberra* 
tion  produced  by  the  outer  curves  of  the  compound  lens  becomes  again  equal  to 
the  opposing  positive  aberrations  produced  by  the  inner  enrvet  whieh  ai* 
cemented  together.  When  the  radiant  has  reached  this  point  /*  (at  whlefa  the 
angle  of  incidence  does  not  exceed  that  of  emergence  so  much  as  it  had  at  int 
come  short  of  it),  the  rays  again  pass  the  glass,  ftree  from  spherical  aberratioD. 
The  point/'  is  called  the  shorter  aplanatio  focus. 

For  all  points  between  the  two  aplanati*^  foci /and/*  the  spherical  abemtiM 
is  over-corrected,  or  negative ;  and  for  all  radiant  points  more  distant  than  ths 
longer  aplanatio  focus/,  or  less  distant  than  the  shorter  aplanatio  foeas  J*,  Ihs 
spherical  aberration  is  under-corrected,  or  positive.  These  aplanatio  foci  ban 
another  singular  property.  If  a  radiant  point  in  an  oblique  or  secondary  axil 
is  situated  at  the  distance  of  the  longer  aplanatio  focus,  the  image  situated  is 
the  corresponding  conjugate  focus  will  not  be  sharply  defined,  bat  will  havss 
coma  extending  outwards,  distorting  the  image.  If  the  shorter  aplanatie  feesi 
is  used,  the  image  of  a  point  in  the  secondary  axis  will  have  a  coma  extendisf 
towards  the  centre  of  the  field.  These  peculiarities  of  the  ooma  prodaead  by 
oblique  pencils  are  found  to  be  inseparable  attendants  on  the  two  aplanatie  fiwL 

These  principles  furnish  the  means  of  entirely  correcting  both  chro- 
matic and  spherical  aberration,  and  of  destroying  the  coma  of  obliqns 
pencils,  and  also  of  transmitting  a  large  angular  pencil  of  light  free 
from  every  species  of  error. 

Two  plano-convex  achromatic  lenses,  A  M,  fig.  386,  are  so  arranged 
that  the  light  radiating  from  ^®* 

the  shorter  aplanatie  focus  of 
the  anterior  combination  is  re- 
ceived by  the  second  lens  in  the 
direction  of  y^,  its  longer  apla- 
natie focus.  "^h 

If  the  two  compound  lenses  are  fixed  in  this  position,  the  radiant 
point  may  be  moved  backwards  or  forwards  within  moderate  limits,  and 
the  opposite  errors  of  the  two  compound  lenses  will  ba-  337 

lance  each  other. 

Achromatic  lenses  of  other  forms  have  similar  pro- 
perties. It  is  found  in  practice  that  larger  pencils  free 
fn)m  errors  can  be  transmitted  by  employing  three  com- 
pound lenses,  the  middle  and  posterior  combinations 
being  so  united  as  to  act  as  a  single  lens,  together  balancing  the  abe^ 
rations  of  the  more  powerful  anterior  combinations.     Fig.  3S7  ■bovt 
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ft  oommon  form  of  the  triple  aplanatic  and  achromatic  objective,  used 
for  the  compound  microscope. 

510.  Aberration  of  glass  cover  corrected. — If  an  object  viewed 

frith  an  achromatic  microscope,  which  has  all  its  aberrations  corrected 

for  an  uncovered  object,  is  covered  with  even  a  thin  film  of  glass  or 

mica,  spherical  aberration  is  again  produced,  thus  sensibly  impairing 

the  distinctness  of  vision  when  a  high  power  is  used. 

Let  abed,  fig.  388,  be  a  film  of  gla«8  or  mica  boanded  by  parallel  Barfaoes. 
If  rays  of  light,  diverging  from  0,  pass  through  this  film,  the  ray  0  T'  R'  ¥/ 
wiU  saffer  greater  displacement  than  the  ray  0  T  R  E, 
whteh  makes  a  smaller  angle  with  the  perpendicular 
OP.  If  R  E  and  R'  E'  are  extended  backward,  they 
will  cross  the  axisfor  perpendicular  at  the  points  X  and 
Y.  This  separation  of  the  points  X  and  Y  is  exactly 
similar  to  the  spherical  aberration  of  a  concare  lens,  and 
la  therefore  called  negative  spherical  aberration.  Chro- 
matic aberration  is  also  produced  by  the  same  means. 
The  effect  obsenreti  by  the  eye  in  such  cases  is,  that  lines  are  not  so  sharply 
defined,  and  the  outline  of  an  object  appears  bordered  with  broader  fringes,  wiUi 
colors  of  the  secondary  spectrum  upon  the  borders  of  the  object.  These  errors 
are  easily  corrected  by  diminishing  the  distance  between  the  anterior  and 
posterior  combinations  of  the  compound  objective,  which  is. furnished  with  an 
•4)nsting  screw  for  this  purpose. 

511.  The  compound  achromatic  microscope  is  composed  of  the 

389 


triple  achromatic  objective,  AMP,  fig.  389,  and  the  negative  eye-piece, 
formed  of  the  field-lens  F  F,  and  the  eye-lens  E  £. 

The  section  drawn  in  the  figure,  shows  how  the  light  is  acted  upon  in  passing 
through  the  different  parts  of  the  instrument.  Pencils  of  rays  from  all  parts  of 
the  objeety  •  t,  pass  through  the  compound  objective  AMP,  and  tend  to  form  a 
red  image  at  R  R,  and  a  violet  image  at  V  V,  the  object-glass  being  slightly 
4»ver-corrected,  so  as  to  project  the  violet  rays  as  far  beyond  the  red  as  may  be 
necessary  to  make  up  for  the  want  of  absolute  achromatism  in  the  eye-piece. 
Th«  converging  pencils  S,  C,  T,  being  intercepted  by  the  field-lens  F,  are  fore- 
•hortenedy  and  at  the  same  time  the  lateral  pencils  are  bent  inward,  so  that  the 
images  vVfrr,  are  smaller,  nearer  together  than  V  V,  R  R,  and  curved  in  an 
oppoaite  direetion.  The  reversion  of  the  curvature  of  the  images  is  produced  by 
the  form  of  the  field-lens,  which  meets  the  central  pencil,  C,  much  farther  from 
88* 
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the  images  V  V,  R  R,  than  where  it  meets  the  lateral  penoili  8  T ;  that  the  fbew 
of  the  central  pencil  is  more  shortened  than  the  others.  The  fleld-lens  of  the 
negative  eye-piece  does  not  reverse  the  curvature  in  every  variety  of  instmuien^ 
but  it  always  changes  the  form  of  the  images  so  as  to  improve  the  definition. 
The  violet  rays  S  n,  T  ii,  fall  upon  the  eye-lens  nearer  its  axis,  than  the  red  rays 
S  m,  T  m,  which  are  less  refrangible,  and  hence  the  eye-lens  coanleracts  the 
divergence  of  the  colored  rays  which  were  separated  by  the  field-lens,  and  ^Mises 
them  to  pass  to  the  eye  so  nearly  parallel  that  they  appear  to  diverge  trom  the 
same  point  of  the  virtuat  image  S  T,  formed  at  the  distance  of  distinct  vision. 
The  distance  between  the  red  and  violet  images  r  r,  «  r,  is  jnst  equal  to  the  dif- 
ference between  the  red  and  violet  fooi  of  the  lens,  and  these  images  being  enrved 
just  enough  to  bring  every  part  into  exact  focns  for  the  eye-lens,  the  eye  sees 
the  ima;^  at  S'  T'  spread  out  in  its  true  form  on  a  flat  field. 

By  means  of  this  beautiful  system  of  compensations,  for  the  variona  errors  of 
chromatic  and  spherical  aberration  and  cnrvaUire  of  the  imags,  whieh  interfiwt 
with  the  performance  of  a  single  lens,  the  compound  aehromatio  microscope  has 
been  brought  to  a  degree  of  perfection  unsurpassed  by  any  instnament  employed 
in  practical  physics. 

512.  Solid  eye-piece. — A  negative  eye-piece,  oonstructed  of  a 
single  piece  of  glass,  has  been  patented  by  Mr.  R.  B.  ToUes,  of  Caoas- 
tota,  N.  Y.  In  the  solid  eye-piece  there  is  much  less  loss  of  light 
by  reflection,  as  there  are  only  one-half  as  many  refracting  sorfiwes 
as  in  the  ordinary  eye- piece.  The  image  is  of  coarse  formed  in  the 
substance  of  the  glass.  This  eye-piece  allows  the  use  of  a  higher 
magnifying  power  than  the  eye-piece  formed  of  two  lenses,  and  it  ia 
thought  also  to  give  more  perfect  definition. 

513.  Visual  power  of  the  achromatic  microscope. — The  great 
distinction  between  the  telescope  and  the  microscope  consists  in  the 
fact  that  while  the  former,  practically  speaking,  is  suited  to  receive 
parallel  rays  from  a  distant  object,  the  latter  has  to  deal  with  rayi 
which  diverge  from  a  closely  approximate  point.  On  this  aooount  the 
formula  for  visual  power  will  require  some  modification. 

Angular  aperture, — The  angular  breadth  of  the  cone  of  light  whieh 
a  microscope  receives  from  an  object,  and  transmits  tu  the  eye,  is  called 
its  angular  aperture. 

lUnminating  power  in  the  microscope  depends  upon  the  square  of  the 
angular  aperture,  due  allowance  being  made  for  the  light  lost  in  iti 
passage  through  the  instrument. 

When  the  formula  for  visual  power  is  applied  to  the  microscope,  A  must  teprs- 
sent  the  angular  aperture  of  the  instrument  measured  in  degrees ;  and  «  will 
represent  the  angular  breadth  of  a  cone  of  light  which  can  enter  the  papU  of 
the  eye  from  an  object  at  the  distance  of  distinct  vision  =  I®  very  nearly.  Ws 
shall  then  have : — 

The  penetrating  power  of  the  microscope,  P  =  A  \/^  i  or  the  penetntiBC 

power  varies  directly  as  the  angular  aperture.     This  is  not  absolutely  eonec^ 
for  the  loss  of  light  by  reflection  causes  x  to  diminish  as  i4  in( 


Ut  C  =•  \f^,  > 


iifakll  hxs;— TAsn 


!>■  of  lbs  micTeicftpc, 


Or  (%\t.<x  the  magnirjing  power,  or  th«  cje-plSM,  whidh  maj  b*  gmplojad, 
rsriu  with  tfae  utgulu  ipetlurn),  gonerallj' ; — 

r*'  rf»<iJfWB.r  »/■  lt<  i«.>r.,ic"p.  f.  ^irdp.irtioii.ii  to  ft<  •gi.n.c  n«t  n/  (At 
■■f  nVar  opei-Ui^  i.f  |i*  ulijtel-glaa. 

tirji'ing  pnietr,  or  ihupDHi  «f  minnla  dnUili  in  itn  abject  i«n  hj  (lis  niCTO- 
»eopo,  rsqairei  perfwt  eorrtttioo  of  ehrumatio  and  iiiberical  »berr»iioo. 

In  fig.  3U0,  A.  B.  (.'.  D.  ihow  (fan  iiaiicciifliTe  appiunincei  nf  ■  hckLii  of  Mor- 
pka  Mtntlaut,  hy  regalar  unlargemenU  of  the  ongular  npfrture  of  Ibe  Diioro- 


514.  The  mechanioal  BT- 
ransement  of  tbe  micTO- 
•cope  is  wdl  exhibited  in 
fig.  301,  whii-h  lias  been  en- 
graved friini  a  very  eiuelleut 
inflrument,  manuractureil  by 
J.*W.Grunuw.NewlI»ven. 
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ire  on  ODe  aids,  Bud  plina  dd  tha  othir,  ii  lo  moimtod  bdliw  tbi 
minute  the  object  with  either  pkctllsl  or  eonTurfing  njt. 
ing  uppiriitua,  aod  other  Bccetdurita,  ftr*  BM»d  to  th«  (ttg«,  and  ta  tha 


bodj  of  tl 

515.  The  masio  laatorn  is  an  instrumeDt  for  projecting  apoo  • 
screen,  images  of  tr&DspRrent  pictures  paioted  on  glass. 

A  Ump  IB  plM«d  in  »  dark  box,  before  ■  pmnbotio  reflector,  H  N,  Ig.  SH, 


,  light  a, 


3V1 


L,  bj  which  it  ii  ■trongly  ot 


leDi  froni  tha  ubject. 


tbe  giM)  slide,  iuaerlad  it  C  D.  The  magnUjriBg 
be  ilium  in  aiird  picture  upon  «  lereen  S  F,  piued  U 

pkintod  on  glua  can  thai  be  axbibitod  aitber  for 
The  lu  ago  irking  power  of  tfa«  mkgio  lutatn  !• 
■creen  IVom  the  lens,  B,  divided  b;  tbe  diituea  of 


516.  The  boIbi  mioioscope  in  a  species  of  magic  lantern  illumi- 
nated by  the  bud.  It  is,  however,  much  more  perfect  in  its  structare, 
and  it  is  commonly  employeil  for  viewing  on  a  screen  images  cf  natural 
objeota,  very  highly  magDified. 

It  of  the  lolar  mioroioDpe  are  ihoim  in  flg.  ttl 


raji  of  lanligiii,  8,  tbrongb  the  condaDiiag  tsui.  A 


i>,T,tte< 


*,  fi,  the  I 


Dtybeel. 


eJ.»n,lb,m 


,  A  Mmili  !«□■,  E.  mared  bj  ibe  ruk  Mil  pinion  with  th«  milled  hi 
C,  MTTH  In  wndania  tbs  tight  upon  tbo  object  glide,  O.  Tbe  alide  0,  irbich  «ri 
the  ottJMl,  il  Hcured  beI«e«D  tbe  bcui  plitu  K  K,  hy  the  irnmr.  U  11. 

Tbe  object,  atrongi;  illDminttad,  ii  uljiiatMl  to  tbe  lofaa  of  tbe  inull  leni 
(which  mar  be  either  e  iiiDmll  globule  of  k<"<,  or  &  FoiD|muad  ubromMie  ohj 
tiTe,  of  (hort  forna),  ud  u  imigti,  n  b,  greitlj  aolarged,  rormed  in  tbe  conjug 
Tocai  of  the  lent,  U  received  upon  a  while  icreen  plated  in  b  convenient  pniiti 
Bj  dltalniehlng  tbe  dlMaoee  between  tbe  object  and  Ibe  lcn«,  L,  Iha  conjug 
r««al  will  be  more  diilant,  tbe  lereail  maj  be  placed  farlber  from  Ibe  ieoa,  • 
the  magni^ing  power  will  be  proporlivnallj  anlarge'l. 

luMad  ofemplojlng  ibe  light  of  (be  lun,  the  tolar  luicroscope  maj  be  il 
BiiaMed  b;  the  electric,  or  bj  tbe  oifbj'drDgeii  ligbt. 

tilT.  Tbe  camera  obsoaia  coDniBts  of  a  diirk  chamber  in  «lii 
9  fnnlieil  hj  the  nid  of  a  tnlrrnr,  and 
ituff.rd«  Auon-  3M 

nieat  method  of  iketching  natural  icencrj. 

A  plane  mirror,  ■>,  Sg.  39t,  placed  at  aa  angle  o[ 
46°  with  tbe  boriian,  reflecie  the  ligbt  dontmard, 
Ifarongb  a  coQTerging  tens,  placed  in  the  li>p  of  tbe 
dark  ehamber.  A  abeet  of  paper  placed  on  Ibe  table 
ia  Uii  rocDt  of  (be  lena,  receiree  tbe  image  ol  u  land- 
■eapH  or  otber  object,  which  can  be  traced  with  > 
pencil  h;  the  artial,  iilting,  at  abown  in  tbe  figure, 
with  hii  bead  and  cheuldera  jiroteeted  from  eitra- 
la  ligbi  by  a  du-li 


.al  ohjeo 


Tbe  I 


wily  prepari 


thia  kind,  b;  in» 

erting  , 

>  a  pec 

lad. 

1    glM 

11  in  an 

ori.    A 

flee  in  tbe  lop  o 

:  abou 

u  fee 

tbigb. 

andfl 

placing  .  eomm 

,  tb. 

1   req 

nglefl 

aboreit.     Tbe  p 

aper  ud 

,  tbe  11 

able 

.e  plaic 

"■"'■ 

a  drmwing-board 

,  and  fi: 

led  at 

■Unce 

from^^ 

the  leu  aa  girea 

then>« 

>a(  dial 

tinet 

in..ge.     A, 

-luak  thrn 

box  where  the  ob 

ill  darkoD 

tbe  cbi 

»mber  «" 

be  n*d*  •ritb  great  facil 

ity. 

iDXeed  of  tbe 

andl. 

bown 

in  fig. 

3a4,  a  rec 

lar  priam  ia  oRen 

.  uaedai 

laref 

leetu 

r,  and 

il  gtvioi  in  tbe  form  of 

'  a  leni 

BlWO 

parUoftheiDati 

SIS.  WoUaatou'a  oameia  Inoida  is  another  inatru- 
■nent  used  for  sketching  from  nature.  It  eonnistsof  n 
priaiD,  abed,  fig.  395,  of  irhich  the  angle,  fi,  in  a  right 
angle,  the  angle,  d,  is  135°,  and  the  angles  at  a  and  c 
mn  each  ST^". 

P  V,  plared 
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r  M  N,  whors  tbs  outliao  m>j  ba  trKxl  by  the  pBoeil  S,  Ul*  aja 
ge  uDil  the  paacil  at  Lbu  lanie  lime.  Th«  tight  fmn  k  diiMot 
the  priiDi  ncarlir  al  cigbi  aagleg  witb  th«  fkot,  A  e,  (wioa  aaflbn 


n.lliB  pilim  il 


leai  IbsQ  Ills  JifUnce  at  the  cibjfCI,     The 

ubjcet.     Thii  inrtrameni  is  prinripalJy  empluyed  bj  utuu  tor  gkatebiDg  buiil- 

A  aumbor  of  uther  furoK  ol  cataera  Incida  are  emplojed  to  luit  diffenpt  par- 
posei.  but  ill  all  of  them,  either  the  objort,  ur  the  peocil  and  paper,  an  rUmd 
by  rcfli^cled  liji;ht,  maile  lo  cuiiicide  in  direction  with  the  direct  light, 

519.  Pbotograpby  h  the  art  ur  [irDduclng  piclureti  b;  the  chemioal 
ttctioQ  i<f  li>;lit.  The  daguerreotype,  ainbrot]r|ie,  crjstallotjpe,  uid 
phAu-lilhogrnph,  are  all  produced  hy  modified  apptications  of  the 
camera  obscuro.  Iiietead  of  the  plain  paper  nod  pencil  a«ed  hj  tha 
iirtist  for  Bketchinf;  with  (lie  camera,  a  eurfnue  of  silver  or  oollodioD, 
made  Hennitive  by  iodine,  bromine,  or  nume  utlier  chemioal  prepaiktion, 
ii  placed  in  the  camera  and  subjeuted  lo  the  action  of  the  light  of  tb* 
image  projected  there  by  the  lens.  399 

A  camera  emplojed  for  photograpbj'  in  anj 
of  it*  forniB,  require*  to  be  acbrouiatic,  an<i 
also  tbat  Ibe  chemical  rays  ibsll  bt  bruuxht  ti 


.resell 

l.mflaMbcol,jcc.^@«<    J^^^ 

vegftbecBinerarcqui 

be  ,0  cooxructed    ^^^^m 

,  not  onijlo  Rive  perfe. 

lilionnfalh.hjcrK            ^        M   W» 

iluated  in  the  facal  pla 

ne,  bu 

t  alio  it  should  be  adapted  to  gire  tolerably  pni 

eanilion  of  part«  of  u 

.olje, 

a  that  are  situalod  a  little  anterior  or  postarioi  (0 

10  focal  plane. 

The  u^ual  form  of  Iht 

.ra  employed  in  photograpby,  i.  ihown  in  Bg.  M» 

be  achtumatie  compno 

IS,  A.  is  aiu^bcd  to  tbo  boi,  C.  and  can  be  mend 

ackiTBrda  or  rurnardi 

bj  ti 

ifning  the  milled  bead,  ».     The  si'eood  boi,  B, 

lides  within  tbo  first. 

Apia 

le  of  ground  glass  set  in  the  frame,  E,  ii  >nier(«l 

1  B,  and  nhcn  tbe  focm 

adjusted  lu  lo  giie  ■  perfect  image  on  the  gnnnd 

IMS,  Ibis  is  remoTod,  ai 

Id  the 

leni-itive  plate  co-ored  by  a  dark  icreen  Is  intartad 

1  ita  place.     Tbo  dark 

lereen 

1 18  then  removed,  and  tbe  light  prodncei  a  chant- 

>1  change  where  the  li> 

lagei) 

f  YMpor  of  mercury  or 

chemical  appllcatlonl. 

520.  Railwa;   lllamlnation.— For    illuminating    railroad*,   it  ii 

luiporlaut  to  thron  upon  the  trai^k  a  powerful  beam  of  light,  conNsUng 
of  rays  nearly  parallel.  When  the  track  i»  thue  illuminated,  olgaeto 
upon  it  nre  more  readily  distinguisheil  bj  cnntraat  vritb  aurroandiog 
darkness ;  it  is  therefore  desirable  tn  limit  the  light  l«  the  immediaU 
vicinity  of  the  track. 

Tbe  oommoa  method  of  eleoting  this  objact  I*  to  place  an  Argud  lamp  iB 
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che  foens  of  a  large  parabolic  reflector  (325),  situated  in  front  of  the  locomotive. 
The  light  ii  thus  thrown  forward  in  parallel  lines,  and  the  lateral  illumination 
prodoced  bj  light  radiated  directly  from  the  lamp  is  comparatiTcly  small. 

521.  The  Fresnel  lens,  a  section  of  which  is  shown  at  o  A^,  fig. 
397,  is  also  employed  for  projecting  a  powerful  beam  of  parallel  light 
upon  objects  to  be  illuminated  at  a  dJH-  397 

tance.    This  form  of  lens,  invented  and 

first    applied    to    practical    purposes   by 

Frosnel,  consists  of  a  central  plano-convex 

lens,   surrounded    by   segmentary    rings, 

with  curvatures  successively  diminishing 

as  much    as   is   necessary  to  avoid  the 

spherical  aberration  of  a  single  lens,  the 

central  lens,  and  all  the  angular  segments  having  their  curxe 

adjusted  as  to  have  a  common  focus. 

The  segmentary  rings  are  sometimes  made  entire,  but  generally,  when  the 
■ise  is  considerable,  each  ring  is  composed  of  several  parts.  The  central  lens 
and  lateral  segments  are  all  cemented  to  a  plate  of  glass,  as  shown  in  the  figure. 

For  most  pnrposes,  where  the  Fresnel  lens  is  employed,  it  is  necessary  to  give 
the  illominating  beam  of  light  a  slight  degree  of  divergence.  It  will  be  easily 
Men  from  the  figure,  that  if  the  centre  of.  the  lamp  is  placed  at  the  principal 
foeni  of  the  |ens,  F,  the  divergence  of  the  beam,  after  passing  the  lens,  will  be 
•qnal  to  the  angle  6  A  6,  which  the  fiame  of  the  lamp  subtends  at  the  surface  of 
the  lens.  A  concave  mirror  is  also  placed  behind  the  lamp,  to  throw  forward 
the  light  in  a  eondition  to  be  refracted  nearly  parallel  by  the  lens  in  front  of  the 
lamp.  A  much  more  brilliant  beam  of  light  is  obtained  in  this  manner  than  by 
the  parabolie  reflectors  alone.  This  lens  is  also  used  in  France  for  railway 
illomination. 

522.  Sea-lights,  designed  as  beacons  to  the  mariner  upon  danger- 
ous coasts,  or  for  lighting  harbors,  are  usually  placed  in  towers,  called 
ligkirhmises.  The  great  elevation  of  the  light 
permits  it  to  be  seen  far  out  at  sea.  It  is  evident 
that  all  light  thrown  out  above  or  below  the 
plane  of  the  horizon,  is  of  no  avail  to  the 
mariner. 


398 


By  an  ingenious  application  of  the  principles  of  the 
Fresnel  lens,  a  sheet  of  light  is  thrown  out  in  every 
direotion  in  the  plane  of  the  horison.  If  fig.  398  is 
revolved  about  the  central  perpendicular  line,  as  an 
axis,  it  will  generate  the  apparatus  known  as  the 
Frvmel  fixed  light.  The  central  cone  will  consist  of  a 
series  of  hoops  whose  perpendicular  section  is  everywhere  the  same  as  a  section 
of  the  Fresnel  lens.  This  sone  will  therefore  so  act  upon  the  light  of  a  lamp 
plaeed  at  the  eentre,  as  to  project  a  sheet  of  light  in  every  direction  in  the  plane 
•f  the  horison.    Above  and  below  the  central  sone,  are  series  of  triangular 


inrsics  DC  imponderable  aoknis. 


rrom  llm  lenlnl 

Lop,  i.  .booo  i»  fix 

A  It  i>  ft  cooroi 

»orfi«c.     Ligblfr.™ 

10  mf^Kted  -n 

ul>ri»K  thu  fK*  IJ  f. 

nrnclion  at  A  C,  fruin  wbich  it  energi;)  in  hn«t 
parkllcl  tu  tb«  horltoo 

The  focua  of  SKh  priimBlic   hinp   la   oarefnllj 


523.  Revolvias   Hsbts  —To  distinguish  n         ' 

line  lighthuuHe  un  the  coast  Trom  uiother,  the  j 

Freanel   light   is   bo   modified   &8   to   give   a  f 

■t«iul;  lights  and  alio  revolviag  Sanhes  of  light  sf  verj  great  int«nsilj. 

Id  tha  reTolvini!  Prwrsl  light,  the  triangnUr  4M 

lut  tha  oentnl 
>,  flg   100,  aet 


enlral 


ixme  u  for  the  Bied  liRhl 
nsda  of  eigbt  Frsaoel  jec 
1  in  tfas  lowsr  part  of  Hg< 
Lhe  aame  figan  ihowi  a  mint  vii 
g  appuattia 


The 


ipp*r 


Bbytl 


I  of  tbt 


lo  light  rrdm  lb«  central   ton.  uf  leneus.     Tbo 

igbt  BMil  rmnt  BBf  poiitiOD  appeirB  gradoall;  -J^ 

o  iDcroue  U.  verj  groal  brilliincy,  and  Ib.n  to  TT 

lidg  away  lo  much  ]>•■  than  hiilf  iU  ■naiimum  if 


Fig.  401  abowi 
ligbtboDts.  At  . 
of  lighL     The  w 


id  bj  the  migbt  P.  The  baloonj  annnaDDtiBg  tba 
art  of  the  Sgara,  alao  tbe  itaira  leadiag  to  tb«  light 
I  rmna-work,  prolKta  tba  illiiiBiaMIag  kpparalui. 
igbt  can  be  aeen  will  depend  apon  the  haigbt  of  tha 


The  lamp  used  for  the  Freanel  light  ia  an  Arguid  bamer,  with  four 
c  nicks,  with  currents  of  air  passing  up  betw«en  them. 

iceaiiTS  beat  of  their  dniltd  flame*  by  ■ 
thruwn  np  from  betow  by  a  cloek-woili 
)  wieka.  A  rary  tail  fbinnay  ia  nqaln.'' 
of  air  lu  anpport  tha  Kimbnit'OD.  Tl>* 
le  numtwr  at  lenaea  and  faaop«  «f  >hlcli 
osea  for  which  it  ia  undj  Iht  •Ishtpi* 


id  AreuDil  lumii-  ul 


S24.  The  telBateieoacope.— The  imnge  upon  the  retina  of  every 

iman  cjo  represeula  n  per^pectiTB  projeutiun  of  the  oljeots  siluateii 

the  lield  of  view.     As  the  posicinns  frutn  whiub  these  prujeutioiiB  are 

ken  Bire  somewhat  liifierent  fur  the  two  ejes  of  the  Buoie  individuiil, 

the  perspeutive  images  theinselvos  are  not  idcnlicnl,  nnd  we  make  use 

of  tkeir  difference  to  obtain  an  idea  of  the  distances  froTo  the  eje  uf  th« 

different  object*  in  the  field  of  view. 

The  ImageB  of  Ihe  aame  object  on  the  two  relinie  are  more  different 
iim  each  other  a*  tlie  ol^peet  U  brought  nearer  to  the  eyen.  In  the 
ac  of  v»rj  dJHtaiit  objects,  tlie  difference  between  the  piclurea  on 
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retinae  of  the  two  eyes  becomes  imperceptible,  and  we  kbe  the  aid  ju;»t 
spoken  of  in  estimating  their  distance  and  bodily  figure. 

The  telestereoscope  is  an  instrument  which  causes  distant  objects  to 
appear  in  relief.  It  increases  the  binocular  parallax  of  distant  objects, 
and  by  presenting  to  each  eye  such  a  view  as  would  be  obtained  if  tho 
distance  between  the  two  eyes  were  greatly  increased,  it  gives  the  same 
appearance  of  relief,  as  if  the  402 

objects  were  brought  near  to 
the  observer. 

Let  6  and  b',  fig.  402,  be  two 
plane  mirrors  placed  at  angles  of 
45**  with  the  lino  of  vision ;  lot 
o  and  e'  be  two  smaller  mirrors 
placed  parallel  to  b  and  b'f  and 
let  d  and  d'  represent  the  position  of  the  two  eyes  of  the  obsenrer.  It  is  eyldent 
that  the  light  from  distant  objects  falling  apon  the  mirrors  in  the  direction  a  b 
and  a'  6',  will  be  reflected  to  the  small  mirrors  o  and  e',  where  it  will  be  again 
reflected  to  the  eyes  at  d  and  d\  The  two  views  seen  by  the  eyes  will  evidently 
be  the  same  as  if  the  eyos  were  separated  to  the  positions  m  and  m'.  The  relief 
with  which  objects  will  be  seen  by  this  instrument,  will  obviously  be  inereated 
as  much  as  the  distance  6  b'  exceeds  the  distance  between  the  eyes  d  and  d'. 

But  while  this  instrument  increases  the  perspective  diflerence  of  the  images  seen 
by  the  two  eyes,  the  visual  angle  under  which  each  object  is  seen  remains  on- 
changed,  and  bonce,  as  the  apparent  distance  of  the  objects  is  diminished,  their 
dimonsions  appear  diminished  in  the  same  proportion.  If  the  small  mirrors  are 
made  to  rotate  on  perpendicular  axes,  while  the  large  mirrors  are  fixed,  the 
distortion  of  figure  may  bo  easily  corrected  by  turning  the  small  mirrors  nntil 
objects  appear  in  their  true  proportions. 

If  the  lenses  of  an  opera  glass  are  inserted  in  the  instrument,  the  convex  field- 
glasses  being  inserted  at /and/*,  between  the  large  and  small  mirrors,  and  the 
concave  oyo-glasses  between  the  eyes  and  small  mirrors,  the  effect  will  be  to 
increase  the  visual  angle  of  every  object  in  the  field  of  view.  If  the  glasses 
magnify  as  many  diameters  as  the  distance  between  the  large  mirrors  exceeds 
the  distance  between  the  eyes,  every  object  will  appear  in  its  due  propor- 
tions, and  the  effect  will  be  surprising.  The  appearance  will  be  as  though 
the  observer  had  been  aotually  transported  to  the  Immediate  vicinity  of  the 
objects  thomselvos.  The  distance  between  the  large  mirrors  of  the  tel^tereo- 
scope  should  not  exceed  the  breadth  of  an  ordinary  window,  unless  it  is  to  be 
used  in  the  open  air,  when  it  may  be  made  of  any  dimensions  that  are  detirsd^ 
and  tho  effect  produced  will  be  in  proportion  to  its  magnitude. 

525.  The  stereoBoope  (from  (rrepedq,  solid,  and  <rxoiriwt  to  see)  is 
an  instrument  so  constructed  that  two  fiat  pictures,  taken  under  certain 
conditions,  shall  appear  to  form  a  single  solid  or  projecting  body. 

In  order  to  produce  this  illusion,  different  images  as  observed  by  the 
two  eyes  (484)  must  be  depicted  on  the  respective  retinas,  and  yet 
appear  to  have  emanated  from  one  and  the  same  object.  Two  pictures 
are  therefore  taken  from  the  really  projecting  or  solid  body,  the  one  li 
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I  b;f  ths  right  eje  odI;,  kd<1  the  other  as  Been  b;  the  left 
These  picture*  ere  then  placed  in  the  box  of  the  stereoscope,  which  is 
famiBbed  with  two  e;e-piecee,  coDlaining  lenees  so  cODBtruded  that  the 
njB  proceeding  from  the  respective  pictures,  to  tlis  corresponding  oye- 
piecei,  shall  be  refracted  or  bent  outward,  at  such  an  angle  as  each  set 
of  rays  would  have  formed  had  tbej  proceeded  from  a  single  picture  iu 
the  centre  of  the  bui  t«  the  respective  ejes  without  the  interTeotioD 
of  the  leoses. 

It  is  an  axiom  in  optics  that  the  mind  alwa^B  refers  the  situation  of 
ma  object  to  the  lirection  from  wbicb  the  rajs  appear  to  proceed  when 
the;  enter  the  eyes;  bi)tb  pictures  will  therefore  appear  to  have 
emanated  from  one  central  object.  As  one  picture  represents  the  reiil 
or  projectini;  object  as  seen  bj  the  right  eje,  and  the  other  oe  obeorved 
bj  the  left,  though  appearing  bj  refraction  to  have  both  proceeded  from 
the  same  object,  the  sensation  convejed  to  the  mind,  and  the  judgment 
formed  thereon,  will  be  preciselj  the  same  as  if  both  Images  were 
derived  from  one  solid  or  projecting  body,  instead  of  from  two  pictures. 
Consequently  the  two  pictures  will  appear  to  be  converted  into  one 
■olid  body.  403 


tbeoburTBr  thaidakuf  > 
h«draa,  inattiad  of  tha  o 
taken  from  two  poaitioni, 
r«l  olt)tct>. 

Tba  soDitmctioD  and  aetion  of 

0  ag).  40S  and  40«. 
■Dtrio  lenui,  repteaanted  bj  tl 
eirelM,  are   tnnatd.     E  A  t,  Id 
part  of  tha  figore,  repm 
■eolioD  of  Doa  of  thaia  ecoanlria  laDlet,  aod 


MmaalMl  to  eaoh  refhwtlDg  boa  of  tha  nriim.     Fig.  404  showa  a 
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section  of  the  stereoscope,  the  eccentric  eye-lenses  A  £,  A'  £',  being  plkped  M 
the  ordinary  distance  of  the  eyes,  with  their  thin  edges  towards  each  other  Let 
P  and  P'  represent  two  corresponding  points  in  the  stereoscopic  photographa 
which  are  to  be  examined.  The  rays  of  light,  dirergiug  from  the  point  P,  faU- 
ii>g  upon  the  eye-I«*ns,  are  refracted  nearly  parallel,  and  by  the  prismatio  forai 
»f  the  lens  are  deflected  from  their  course,  and  emerge  iVom  Uie  lent  in  the 
same  direction  as  if  emanating  from  the  point  0.  In  the  same  manner  the  rays 
frum  the  point  P  also  appear  to  diverge  firom  the  point  0.  The  same  ia  tme  of 
ull  similar  parts  of  the  two  pictures;  thus  the  pictures  appear  superimposed 
upon  each  other,  and  together  produce  the  appearance  of  relief,  for  which  the 
stereoscope  is  vo  much  admired. 

The  eccentric  lenses  of  the  stereoscope  are  sometimes  fixed  in  position,  bnl 
they  are  often  inserted  in  tubes,  as  in  fig.  404,  which  can  be  extended  to  adi^t 
the  focus  to  different  eyes,  or  separated  to  a  greater  or  less  distance,  to  suit  tha 
distance  between  the  eyes  of  different  persons. 

If  stereoscopic  phutograpbs  are  taken  from  positions  too  widely  tepumted 
from  each  other,  objects  sUiiid  out  with  a  boldness  of  relief  that  is  quite  un- 
natural, and  the  objects  appear  like  very  reduced  models.  In  taking  itereoscopio 
miniatures  ospqi*ially,  great  care  is  required  to  preserve  a  natnral  appearance. 
In  general,  a  difference  of  a  few  inches  in  the  two  positions  of  the  cameras,  givef 
suflicient  relief  to  the  pictures  when  seen  in  the  stereoscope. 

For  public  buildingM  aud  landscapes,  two  cameras  are  usually  amployed, 
placed  on  a  stand  three  or  four  feet  from  each  other.  If  it  is  desired  to  show  a 
great  exteut  of  a  distant  landscape,  or  to  exhibit  in  miniature  the  grouping  and 
form  of  distant  mountains,  two  stations  should  be  selected  that  are  widely  sepa- 
rated ;  but  in  such  cases,  care  should  be  taken  that  no  near  objeota  are  admitted 
iuto  the  picture. 

526.  The  stereomonoscope  (described  by  Mr.  Claudet,  of  London) 
is  till  in8trument  by  which  a  single  image  is  made  to  present  the 
appearance  of  relief  commonly  seen  in  the  stereoscope,  and  by  means 
of  whicii  several  individuals  can  observe  these  effects  at  the  same 
lime. 

Let  A,  fig.  407,  be  an  object  placed  before  a  large  convex  lens,  L,  an  inukgs 
of  the  object  will  be  formed  at  a,  in  the  conjugate  focus  of  the  lest,  and  ttom 
tlie  image  a  the  rays  of*  407 

ll;;ht  will  diverge  as  from 
u  real  object,  which  will 
bu  (teen  by  the  eyes  placed 
ut  r  c,  e'  e',  or  any  other 
position,  in  the  cone  of 
rays  b  a  e.  Thus  several 
persons  may  at  the  same 
time  see  the  image  sus- 
pended in  the  air.  If  a  screen  of  ground  glass  is  placed  at  6  S,  tha  imaga  will 
appear  spread  out  upon  the  glass,  but  it  will  appear  with  all  tha  perspectira 
relief  of  a  real  object  An  image  thus  formed  on  ground  glass  can  be  seen  only 
in  the  direction  of  the  incident  rays.  This  is  not  the  ca«e  with  an  image  formed 
on  paper,  which  radiates  the  light  in  all  directions,  and  la  hence  ines^able  of 
giving  a  stereoscopic  effect  in  such  circumstances. 
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Til*  itawinDonoHop*  eoDiiaU  i  (  >  icrecn  or  gronnd  gtui,  8  S,  flg.  408,  uid 
(VD  eoUTix  lenni,  A  L,  B  L,  bd  plmc«d  u  to  rorm  imsfsa  of  tiro  ilcreoicopie 
pletaiH,  H  sod  S,  kt  tha  lOS 

point  a    on    tha    ici 
B  B.      Tfaougb    the 


onlj  bj  tha  rnyi  procetd- 

Ing  from  Ihc  phctagraph 

bj  vbi«b  it  wu  formad.     If  tb«  aysi  ut  ao  plscad  that  tha  right  oja  ) 

diraeljoo  of  lbs  njt  coming  froiu  one  lam,  and  the  left  tye  in  the  direction  of 

i  7.  Pbjaloal  OpUca. 

[.    INTEIFKHKHCI,  DIFFKACIIOM,  rUJORMCBNCB,  »C. 

527.  Intetfereaoe  of  Ilglit. — The  interferenca  of  vibrationB  and 
Wftves.  baa  been  alread;  alluded  to  in  tbe  theori/  of  undiilaliom  (328, 
333),  bat  the  phenomeDa  of  luiniDOUS  interference  require  BOms  furtber 
•pecial  congideTatioD. 

Let  A  B,  B  C,  Bg.  109,  be  Iwo  pii 
obtDie  angle  (nrj  near  ISO") ;  lei  i 
a  imall  opening,  be  brought  to  a  foci 
if  tbil  light,  diterging  from  a  foeni 
to  fall  varj  obliqualj  upon  the   t< 
■hewn  in  the  figure,  it  will  be  rellecli 
ins  rrom  two  luminoni  poinU,  U  and  If  and  tile 
light  thni  ngestad  will  be  in  a  condition  lo  inUr 
ten.     Draw  0  P   perpendicular  to   U  N    from   a 
point  O,  midwaj  betwMn  them.    It  ia  evident  that 
vmj  point  in  tha  line  B  P,  will  be  equally  diitant 
froa  tbe  Inminona  poinla  H  and  H  ;  the  warea  of 
light  which  ctoag  eaeh  other  in  tha  line  B  P   will 
therefor*  be  In  tbe  aame  phaie  ef  Tlbratlon  and 
•onaaqnentlj  prodace   a  line  of  light  of  doable 
Intanaity.     Let  tbe  imooth  circular  area  ropreaeut 
the  phaaea  ofeieTation,  and  the  dotted  ■rcapbaaea 
of  depreaaion ;  tbe 


ia  ■Iluwed 
<  if  diierg 


3uld  connlara. 


Tha  open  < 


Tbe  ajmmetrical  enrvea  formed  by  tha  inloi 
U  and  N,  on  bolh  lidea  of  tbe  central  line, 
aa  hjperbolaa. 

Tbe  diatanea  on  each  lide  of  the  line  B  P,  wbera  tbe  Inmlnoai  w 
again  in  a  like  ataM  of  aceordance  repreeenled  bjr  the  croaaiug  of 
area  in  the  flgare,  will  depend  on  tbe  inlerral  between  Ihem,  wbicl 
fur  dilbienl  colon  j  for  red,  tt  ia  half  aa  nnoh  again  aa  for  liolel  light;  1 
84  • 
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the  distance  between  the  carrea  of  doable  intensitj  will  be  leMt  for  riolet  Uglily 
greatest  for  rod,  and  intermediate  for  the  other  colors  of  the  speetram,  to  Ui«l 
while  all  the  colors  are  united  in  the  central  line  B  P,  they  will  be  separated  in 
the  other  bar»,  and  form  a  series  of  colored  fringes.  In  experiments,  this  serres 
to  distinguish  the  central  bar,  namely,  that  the  other  bars  are  colored  ayai* 
metrically  on  each  side  of  it. 

Half  way  between  two  places  of  complete  accordance  there  must  oeenr  a 
place  of  complete  discordance,  where  the  difference  of  distances  from  M  and  N 
is  I  an  inlerval,  or  |,  |,  or  ^,  Ac;  and  according  to  the  undolatory  theory, 
there  would  be  complete  darkness.  Between  these  and  the  places  of  complete 
accordance,  there  would  be  intermediate  stages  of  accordance  and  discordance; 
hence  there  would  be  bright  bars  shading  into  dark  ones,  all  more  or  less  colored 
except  the  central  bars,  where  all  the  colors  are  in  a  state  of  complete  accordance. 

By  careful  measurement  of  distances  between  the  Inminons  and  dark  Vart, 
the  lengths  of  luminous  waves  of  different  colors  hare  been  rery  accurately 
ascertained. 

528.  Facts  at  variance  w^ith  theory. — When  the  atmosphere  is 
free  frum  clouds,  and  the  sunlight  is  brightest,  the  central  bar  (whieli, 
occoruing  to  theriry,  should  be  briyhi)  is  found  to  be  a  blcLck  one,  what- 
ever  be  the  material  of  which  the  mirrors  are  composed.  But  when 
the  sun  is  near  setting,  the  central  bar  has  been  seen  andoubtedly  a 
bright  one.  It  has  also  been  seen  as  a  bright  bar  when  the  luminoos 
point  was  formed  at  a  hole  in  a  thin  plate  of  metal»  and  the  light  which 
had  grazed  the  edge  of  the  hole  was  used. 

The  existence  of  a  central  black  bar,  in  normal  circnmstances,  where  the 
▼ibrations  must  meet  in  the  same  phase,  is  thought  to  be  inoonsistent  with 
the  undulatory  theory  of  light. 

It  appears  that  light  is  so  modified  in  passing  through  base,  or  at  an.opaqiM 
edge  of  a  small  hole,  as  to  acquire  an  auatropy  or  InTcrsion  of  properties.* 

529.  Interference  colon  of  thin  plates  are  seen  in  thin  films  of 
varnish,  cracks  in  glass,  films  of  mica,  various  crystals,  and  in  other 
transparent  substances,  as  in  soap  bubbles.  The  colors  of  such  thin 
films  are  due  to  the  interference  of  light  twice  reflected  by  the  surfaces 
of  the  film. 

Two  surfaces  of  glass,  pressed  together,  Aimish  a  thin  plate  of  air  betwesB 
two  reflecting  surfaces.     Let  C  A  D  B,  fig.  410,  be  410 

a  transparent  film,  such  as  a  thin  blown  bulb  of 
glae^,  or  a  soap  bubble ;  let  S  A  B  T  be  the  trans- 
mitted ray,  8  A  R  the  ray  reflected  at  the  first  sur- 
face, 8  A  B  A'  R'  the  portion  reflected  from  the 
second  surface,  and  emergent  at  the  first  surface, 
S  A  B  ^ '  B'  T'  the  portion  emerging  from  the  second 
surface,  after  the  two  internal  reflections,  then  the 
ray  A'  R'  will  be  retarded  behind  the  ray  A  R,  by  the  inter\'al  n  ei,  owing  to  the 
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iAenmaed  Ungth  of  path  it  has  to  trarel  in  twie«  traveraing  the  film,  and  B'  T' 
will,  in  a  similar  manner,  fall  behind  the  ray  B  T,  bj  the  interval  p  q.  If  these 
returdations  eqnal  the  interval  of  an  odd  namber  of  half  ribrations,  they  will 
interfere,  as  they  originated  from  a  common  wave,  in  the  ray  S  A.  The  reflected 
rays  do  not  differ  greatly  in  intensity,  which  is  for  each  about  one-thirtieth  thai 
of  the  incident  light  for  glass,  and  therefore  their  interference  produces  black  - 
neas  where  they  destroy  each  other.  The  transmitted  light  has  the  principal 
beam  of  little  less  intensity  than  the  incident  beam,  having  lost  only  about  one- 
thirtieth  part  by  reflection  at  each  of  the  points  A  and  B ;  but  the  intensity  <»f 
the  twiee  reflected  beam  which  interferes  with  it  is  about  one-thirtieth  of  une- 
tbirtieth,  or  one  nine- hundredth  of  that  of  the  incident  beam  ;  hence  the  dill'er- 
enee  of  the  intensities  of  the  bright  and  dark  bands  formed  by  transmitted  ligbt 
is  never  as  great  as  in  the  reflected  beams.  But  the  difference  between  the 
bright  and  dark  bands  is  different  for  different  colors  of  the  spectrum,  being 
least  for  violet  light,  and  greatest  for  red.  This  fact  is  thought  to  be  contrary 
to  what  should  have  been  expected,  according  to  the  undulatory  theory. 

530.  NeiRTton's  rings. — If  a  plane  plate  of  polished  glass  is  pressed 
against  a  plano-oonvex  lens  whose  radius  of  curvatare  is  known,  the 
interference  bands  become  colored  rings,  and  the  exact  thickness  of  the 
film  of  air  by  which  each  color  is  produced  is  easily  estimated. 

The  form  of  this  apparatus  is  shown  in  fig.  411.  The  letters  and  explanation 
of  the  figure  are  similar  to  the  preceding.  When  the  two  glasses  are  pressed 
ivfileiently  near  together,  the  centres  appear  black 
by  reflected  light,  and  bright  by  transmitted  light. 
The  thickness  of  the  film  of  air  where  the  first 
eolor  appears,  is  equal  to  one-half  the  retardation 
producing  that  eolor;  hence  the  length  of  the  wave, 
or  vibrationy  for  any  color,  is  estimated  as  equal  \ 
to  twice  the  thiekness  of  the  film  of  air  where  the 
eolor  appears.  The  colors  succeed  each  other  in 
the  order  of  the  length  of  the  vibrations  required 
to  produce  them.  A  second,  third,  and  fourth  series  of  colored  rings  will  be 
found,  where  the  thickness  of  the  film  is  an  exact  multiple  of  the  thickness 
required  to  produce  the  first  scries  of  colors.  The  distance  between  the  first  and 
aeeond  series  depends  on  the  rapidity  with  which  the  thickness  of  the  film 
inereases.  In  the  case  of  a  lens  pressed  against  a  plate  of  glass,  the  distance 
between  the  glasses,  or  the  thickness  of  the  film,  increases  as  the  square  of  the 
distance  from  the  eentre.  The  diameters  of  the  bright  rings  will  therefore  be  as 
the  square  roots  of  the  numbers  I,  2,  3,  Ac,  and  the  diameters  of  the  dark  rings 
will  be  as  the  square  roots  of  the  numbers  1 1,  2^,  3^,  Ac.  The  distance  between 
successive  rings  of  violet  will  bu  much  loss  than  the  distance  between  successive 
rings  of  red ;  one  series  of  colors  will  therefore  overlap  some  of  the  colors  in 
the  succeeding  series  of  colored  images,  and  by  their  admixture  produce  colors, 
tbe  successive  groups  of  which  are  designated  as  Newton's  first,  second,  third, 
Ae.,  orders  of  colors. 

531.  Xaength  of  lominoas  w^aves  or  vibrations. — By  sach  means 
M  we  have  described,  the  lengths  of  the  vibrations  required  to  produce 
dilferent  colors  have  been  estimated, 
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According  ID  Eiioolubr  (Am.  Jour.  Sc<.  [2]  XXII.J.  tb*  ItDgtb  of  tlis  libn- 
UoDi  in  tfas  extreme  red  rmj  li  jail  doable  the  laogth  or  tbe  ribntioni  oT  tbc 

light  or  Herichol.     Tbe  entire  range  of  riiibte  ii.;b  diHeri  Id  tb*  laagtb  of 
Tibrstiant  oalj  bj  lbs  umoaat  of  oao  ooUve  in  mQBio, 

When  we  ooniider  the  almoit  inconcelTsble  lelDcilf  with  wblsh  tbeae  wnrfer- 
Ibll;  Diinnt«  vibratione  ire  proptgited,  it  i>  evideDl  ttaat  abaolnla  deisDnetntloD 
of  tbe  real  Dmture  of  light  miut  be  unoDg  tbo  profoundeiit  reM>r«bee  of  pbjitDil 

532.  Diffraction— ir  a  raior  is  held  with  its  flat  surfun  tonrdn 
tlio  rajB  of  the  xun,  the  mja  thai  pass  in  close  prozimitj,  both  to  tha 
edge  and  tu  the  back,  will  be  deflect«d  at  shoiTD  in  Sg.  412.  A  portiim 
of  the  TajB  are  deflected  outwards,  appearing  to  auffer  reflaotion ;  th* 
back  of  the  rator  deflecting  the  rajs  outward,  more  than  tl)«  ibarp 
edge ;   but  the  edge  of  the  raior  deflecta  411 

more  light  iato  the  place  of  tbe  geometri. 
cal  shadow,  than  ia  deflccled  inwards  hy 
the  back  of  the  instrument.  These  differ- 
ODces  are  represented  b;  the  closeneM 
of  the  lioBs  drawn  to  represent  tbe  raye 
where  tbe  greatest  amount  of  light  ii  de- 
flected. If  the  bodj  interposed  in  narrow, 
like  a  fine  needle  or  a  hair,  the  rays  de- 
flected inwards  cross  each  other,  and  pro- 
duce the  phenomena  of  inlerferente  in 
aeeordanee  with  tbe  undulatorj  theory.  The  raja  deOectAd  ontward 
produce  interference  with  the  rays  not  deflected,  bat  bright  linea  appeal 
where  the  undulatorj  theory  would  gire  dark  lines.  All  the  bri^t 
and  dark  lines  are  bordered  with  colored  friogea,  oa  in  ordinal;  MM" 
4  interfereDce.     These  phenomena  an  bMt  SMn  in  ft  dftrk  room  by 
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looking  throagh  an  eye  lens  at  a  hair  or  needle,  at  a  considerable  dis- 
tance from  a  lamp,  or  by  looking  at  a  beam  of  sunlight  admitted  to  a 
dark  room  between  two  sharp  parallel  edges.  The  rays  that  bave  been 
diffracted  or  bent  into  the  geometrical  shadow,  are  not  a»  readily 
deflected  again  in  the  same  direction,  but  are  more  easily  deflected  in 
the  opposite  direction  than  rays  which  have  undergone  no  such  pre- 
vious change. 

533.  Flaoreaoenoe. — Epipolic  diapersion. — Certain  bodies,  as 
fluor-spar,  glass  colored  yellow  by  oxide  of  uranium,  called  canary 
glass,  solution  of  sulphate  of  quinine,  infusion  of  the  bark  of  the  horse- 
chestnut,  and  many  other  vegetable  infusions,  possess  the  remarkable 
property  of  so  dispersing  some  part  of  the  light  passing  through  them, 
that  the  course  of  the  luminous  rays  becomes  visible. 

These  phenomena  are  best  exhibited  by  bringing  a  pencil  of  light  to  a  focus 
in  the  interior  of  any  of  these  substances,  by  means  of  a  convex  lens,  when  the 
eoarse  of  the  rays  will  become  visible,  as  though  the  portion  through  which  the 
light  passed  had  become  self-luminous.  The  rays  of  light  of  high  refrangibility, 
especially  the  violet  and  the  invisible  chemical  rays,  are  subject  to  this  kind  of 
dispersion,  their  refrangibility  is  at  the  same  time  changed,  and  probably  the 
length  of  their  luminoas  waves  is  increased,  so  that  rays  previously  invisible 
may  be  seen  by  the  eye.  These  phenomena  have  been  called  by  various  names, 
at  internal  dispersion,  epipolic  dispersion,  and  fluorescence.  The  latter  term, 
derived  from  fluor-spar,  and  adopted  by  Mr.  Stokes,  is  considered  the  more 
appropriate  term,  as  it  involves  no  theory. 

This  ohange  of  the  refrangibility  and  length  of  luminous  waves  is  anala- 
goat  to  the  change  of  pitch  in  reflected  sounds  heard  in  certain  remarkable 
echoes  (^  356). 

534.  Phoaphoresoenoe. — Certain  bodies  after  being  exposed  to  the 
action  of  light,  acquire  the  property  of  shining  in  the  dark  (399).  The 
most  remarkable  phosphorescent  bodies  are  the  sulphurets  of  barium, 
strontium  and  calcium,  some  kinds  of  diamonds,  most  varieties  of 
fluoride  of  calcium,  particularly  the  variety  known  as  chlorophane, 
compounds  of  lime,  magnesia,  soda  and  potash,  salammoniac,  succinic 
and  oxalic  acids,  borax,  dried  paper,  silk,  sugar,  sugar  of  milk,  teeth,  &c. 

The  time  during  which  these  bodies  emit  light  varies  from  a  fraction 
of  a  second  to  several  hours,  and  the  intensity  of  the  emitted  light 
v.iries  in  a  similar  manner. 

The  study  of  these  phenomena  requires  the  use  of  delicate  apparatus  adaf  ted 
to  the  purpose. 

1.  The  more  refrangible  rays  of  the  spectrum  in  general  act  more  powerfully 
tn  produce  phosphorescence  in  bodies  exposed  to  their  influence  than  the  less 
refraogible  rays.  In  some  cases  the  invisible  rays  of  the  spectrum,  t.  «.,  the 
rays  beyond  the  violet,  produce  a  brilliant  phosphorescence. 

2.  The  least  refrangible  rays,  as  the  red,  not  only  generally  produce  no 
pbospborescenee,  but  even  counteract  the  influence  of  Uie  more  refrangible  xayi 
wheF  mixed  with  them. 
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8.  The  wave  lengths  of  light  emitted  in  the  dark  bj  photphoTMoeiit  boditi 
are  in  general  greater  than  those  of  the  exciting  rays ;  t.  «.,  the  phot phorMOcat 
light  shows  a  color  belonging  to  a  part  of  the  spectrum  nearer  to  the  red  thaa 
the  light  which  produced  it,  though  in  a  few  cases  the  color  is  unaltered. 

4.  The  refrangibility  of  the  light  emitted  by  phosphorescent  bodiet  depends 
upon  their  molecular  condition,  and  not  merely  upon  their  chemical  eonatitiitioB. 
Bach  phosphorescent  body  appears  to  be  adapted  to  vibrate  in  harmony  with  tha 
irave  lengths  of  some  colors  more  readily  than  with  others. 

5.  One  and  the  same  body  may  emit  rays  of  very  different  eolora,  aooording  to 
the  time  which  intervenes  between  the  action  of  light  and  the  moment  of  obMrva- 
tiiin.  This  last  result  shows  that  vibrations  of  different  velooitiea  are  preeerred 
for  unequal  times  in  different  bodies ;  sometimes  it  is  the  vibrationi  eorreapond* 
ing  to  the  loss  refrangible  rays  which  continue  longest,  as  in  bisnlpbale  of 
quinine,  double  cyanide  of  potassium  and  platinum,  diamond,  Ae.  Sometimef 
the  most  refrangible  rays  are  most  durable,  as  in  Iceland  spar. 

6.  Many  bodies,  such  as  glasses  and  certain  compounds  of  uranium,  owe  their 
duorescence  entirely  to  the  persistence  of  the  luminous  impressioni  for  a  veij 
short  time,  not  exceeding  a  few  hundredths  of  a  second ;  the  intensity  of  (be 
emitted  light  is  then  very  brilliant 

It  is  probable  that  phosphorescence  and  fluorescence  differ  from  one  another 
only  in  the  time  during  which  a  luminous  impression  is  preserved  in  bodies. 

These  conclusions,  which  support  the  theory  of  undulation  as  at  present 
admitted,  prove  that  luminous  vibrations,  when  transmitted  to  any  body,  or  at 
least  to  a  great  many  bodies,  compel  its  molecules  to  vibrate  for  a  time,  and 
with  an  amplitude  and  wave  length  which  depend  not  only  on  the  chemical  eon- 
stitution  of  the  body  but  also  on  its  physical  condition.* 

535.  Colon  of  grooved  plates. — Fine  lines  engraved  upon  polished 
steel,  and  lines  drawn  upon  glass  with  a  diamond  point,  if  sufBcientlj  near 
together,  cause  a  beautiful  iridescence  by  the  interference  of  light  re- 
flected from  such  surfaces.  The  beautiful  play  of  colors  seen  upon  mother 
of  pearl  is  caused  by  the  delicate  veins  with  which  the  surface  is  covered. 

II.    OPTICAL  PHENOMENA  OF  THE  ATMOSPHERE. 

536.  The  rainbow  is  one  of  the  most  wonderful  aqd  beautiful  pheno 
mena  in  nature.     In  it  reflec-  413 

tion,  refraction,  dispersion,  and 
interference  of  light,  are  all 
combined.  It  is  seen  in  that 
part  of  the  heavens  opposite  to 
the  sun,  when  the  sun  is  less 
than  forty- two  degrees  above 
the  horizon.  The  shadow  of 
the  eye  of  the  observer  will 
always  point  to  the  centre  of 
the  circle  of  which  the  rainbow 
forms  a  part ;  hence,  as  the  sun  descends  near  the  boriion,  the  rainbow 
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ritM  higher,  and  as  the  bud  ascends  the  morning  sky,  the  height  of  the 
rainbow  diminishes. 

To  andentand  the  fonnation  of  the  rainbow,  we  mast  first  examine  the  action 
of  a  tingle  drop  of  water  apon  parallel  rays  of  light  Let  the  circle,  fig.  413, 
reprecent  a  drop  of  water,  and  S  A,  S  B,  Ac,  parallel  rays  of  light  falling  upon 
it.  The  ray  8  A,  which  falls  perpendicularly  upon  the  drop,  will  safier  no  devia- 
liun  in  its  direction,  bat  will  be  partially  reflected  backward  in  the  line  of  inci- 
dence, tboagh  it  will  principally  pass  throagh  the  drop.  The  ray  S  a,  will  be 
refracted  to  b,  where  it  will  be  reflected  to  c,  and  will  emerge  in  the  direction  c  d, 
making  a  certain  angle  with  the  direction  of  the  original  ray  S  a.  As  the  distance 
of  the  incident  ray  from  A  increases,  the  emergent  ray  will  make  a  greater  angle 
with  the  incident  ray,  till  we  arrive  at  B,  where  two  saccessivo  rays  will  emerge 
parallel,  as  shown  by  the  heavy  line,  SBg  ep,  which  deviates  more  from  the 
direetion  A  S,  than  any  ray  incident  at  a  greater  or  less  distance  from  A.  As 
we  proceed  from  A,  towards  C,  the  deviation  of  the  emergent  ray  will  diminish, 
and  every  ray  between  B  and  C  will  emerge  parallel  to  some  other  ray,  which 
entered  the  drop  between  A  and  B ;  S  y  will  emerge  in  e*  m,  parallel  to  e"  n,  which 
entered  the  drop  at  the  ray  S  x.  The  ray  S  C,  which  is  tangent  to  the  drop,  will 
be  refracted  to  t,  and  emerge  in  the  direction  k  o,  making  an  angle  of  aboat 
twenty-five  degrees  with  e  p,  the  line  of  greatest  deviation. 

The  light  which  enters  the  drop  in  parallel  rays  will  therefore  emerge,  spread 
over  the  entire  space  between  ep  and  c  d ;  but  having  its  greatest  intensity  near 
Uie  direction  ep,  and  n^idly  diminishing  towards  c  d. 

If  A  T,  fig.  414,  represent  the  position  of  the  line  « p  of  fig.  413,  the  dotted 
conre,  by  its  height  above  A  X,  will  show  how  rapidly  the  intensity  of  the 
light  £adet  away,  as  the  distance  from  ep  increases  414 

toward  e  d,  where  the  intensity  is  sero.  y;. 

Since  we  have  at  every  angle  between  e  p  and  e  d, 
parallel  rays  which  have  traversed  difierent  paths 
Uirongh  the  drop,  we  shall  have  all  the  phenomena  of 
bright  and  dark  bands,  produced  by  interference. 

The  intersection  of  the  emergent  rays  will  form  a 
eaostio  curve  k  q,  tangent  to  the  circle  at  k,  and  ap- 
proaehing  constancy  to  parallelism  with  the  asymptote  e/>,  which  it  will  never 
moeL  If  the  emergent  rays  between  c  and  e  were  extended  backwards,  they 
wonld  form  another  caustic  h  I,  having  e  p  produced  backward  for  its  asymptote. 
The  eanstic  curve  h  /,  commences  in  a  direction  perpendicular  to  the  surface  of 
the  drop,  and  approaches  the  asymptote  without  ever  touching  it  The  curves 
q  r,  formed  by  unwrapping  a  thread  from  the  caustic  k  9,  and  q  r',  formed  by  a 
thread  from  the  caustic  /  h,  show,  by  their  gradual  separation,  the  amount  of 
retardation  of  the  wave  surface  of  the  two  sets  of  parallel  rays  which  interfere 
between  « p  and  e  d. 

According  to  the  nndulatory  theory,  we  shall  have  bright  bands  where  the 
rays  have  traversed  equal  distances,  or  distances  differing  by  any  number  of 
entire  vibrations,  and  dark  bands  where  the  rays  differ  by  an  odd  number  of  half 
vibrations. 

These  bright  and  dark  bands  are  readily  seen,  with  proper  precautions,  with 
light  reflected  from  a  drop  of  water  suspended  at  the  point  of  a  fine  glass  tube. 
When  monochromatic  light  is  used,  thirty  or  forty  of  these  bright  and  dark  ban^is 
day  be  coanted. 

The  breadth  of  the  bright  and  dark  bands  varies  with  the  size  of  the  drofi 
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rrum  which  th«  light  ia  reflMted.  Tfaa  InUrlennn  bandg  rnrj  iJn  for  th*  dlf- 
l«rent  c»lori,  lieinit  Dearly  twice  u  broid  for  red  u  fcr  TioUt  light.  Whan 
while  light  ii  employed,  the  grit  red  bund  only  ii  pare,  the  other  hudi  being 

If  we  consider  only  the  first  twn  bright  bitada  of  esoh  color,  we  can 
diaily  eipliun  the  couimon  phenuinena  of  the  raiiibow.  A  little  within 
I'le  cnuftic  curve,  k  q,  fig.  413,  (in  it*  conTex  aide,  vre  Hbnll  have  ft 
liri^lit  liglit,  represented  in  intensity  by  the  curve  a,  fig,  414,  and  a 
cniiiind  band  of  the  same  color  at  b.  of  feebler  inteniiity.  Ai  the  refmo* 
lite  index  fur  red  myH  is  less  than  for  the  other  colors,  the  red  will 
diverge  more  from  the  incident  ray.  after  refraction,  than  the  fiolM, 
mid  other  oolori  will  ap|>ear  intermodiale. 

Suppose  now  that  in  a  shower  of  rain  a  ray  of  light  from  the  «nn 

falls  upon  a  drop  uf  water  ut  r,  fig,  4 15,  and  is  reflected  from  its  posterior 

J  give  to  llie  eye  the  tis 

it  will  give  a  violet  ray  of 
ntenRity,  pE,  and  interme- 
will  be  funned  in  the  same 
mediate  drops.  Let 
the  planes  of  incidence  and  reflection 
rovulve  about  a  line  S  E  S,  drawn  from  j^ 
Uic  sun  through  the  eye  of  the  < 
server;  the  position  of  the  drop 
from  whiuh  light  can  reach  the  eye 
will  describe  the  arch  of  the  rainbow. 

The  radius  of  the  primary  rainbow  measured  from  the  extreme  reo 
H'os  found,  by  Sir  Isaac  Newtnn,  lo  be  42°  4'. 

The  purity  uf  the  several  colors  in  the  rainbow  is  the  result  of  iuler- 
r^rcnoe,  which  produces  diirk  bonds  fur  each  particular  uolor.  giving  a 
Jenr  ^pauo  for  tlie  delineation  uf  the  other  colors  of  the  rainbow  before  the 
Brxt  color  is  repeated.  When  the  rain-drups  dilfer  greatly  in  siie.  as  it 
uni'n  the  luiso.  the  different  colors  of  the  first  and  second  interferenM 
bands  overlap  and  mingle  together,  and  the  bow  is  but  itnperfectly 
devcl.iped. 

A  aacandoiy  lalDbow,  with  violet  aborc  and  red  boluw,  ii  formed  by  light 


red  ray  of  n 
drop  below  il 


r  b,   i 


Inwer  harder  of  the  dinp,  s 
lex  or  intorrerenrc  delcm 
teniily,  u  irr  the  priniar] 
IS  ■RsoaTils  for  the  feeble 
T  bow,  the  order  of  colo 


ir  the  upper  border. 


RawtuD  fomd  tli*  illituiM  b«tw««n  tb*  prinury  «iid  tteoaimrj  niuboH  Id 
b«  8°  30'. 

A  ■partotu  nlnboiv  ii  ofleo  aeta  within  Ihs  primary  bow,  u  •hown  »t 
pt,  tg,  416.  Thia  i«  CoTmad  by  the  gacond  bcigfat  bind  of  each  color,  th* 
poiillon  >ad  InUuiitj  or  whioh  ii  repruenUd  at  b.  fig.  114.  A  third  tod  roorUi 
bow  i*  alio  ■ometimu  mn,  itill  interior  to  the  lecond,  bat  tb*  ao\m  of  tha 
third  aod  Coarth  urdera  are  to  much  mingled  that  enlj  two  or  three  appear  la  an; 
beir  ioMrior  to  tbs  llrst  iparioai  bow, 

637.  Fog-boivs. — Hatoa. — CoronoB. — PoxlMllft. — Fog-boma,  whicb 
•ra  wiDieciuiea  wen,  differ  from  the  raiobow  bj  the  «itT«me  minateneBa 
»f  the  sphemlM  of  water  from  whiob  tbe  reSeotion  lakes  place. 

Haiot  are  jniBmatia  riags  seen  around  the  bud  or  moon,  varying 
from  2°  to  46°  in  diameter:  these  aro  explained  by  refleotion  from 
minal«  orjstals  of  ice  floating  in  the  atmosphere. 

Qtrmmt,  aooiroliDg  tbe  moon,  are  formed  bj  refleotion  f^m  tbe 
external  sur^e  of  iraterj  Tapor,  the  light  thus  reflected  interfering 
with  direct  light  from  the  sune  source.  Thej  generally  indicate  change 
of  weather. 

ParMia,  and  bands  of  light  passing  through  the  sun,  are  also  attri- 
buted to  reflectioD  from  prisms  of  ice. 

Hsnj  of  lbe»  pbeDoEBoDS  require  for  tbeir  eipUnation  a  reflnement  of  inras- 
(ifatloB  not  proper  to  be  introdDCed  io  an  elgmenUr;  work. 

S38.  Atmoaptleiic  refiaottou  causes  all  bodies  not  directly  io 
tbe   lenith  to  appear  more  elevated  than  they  4IS 

reidly  are. 
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539.  LaamiUB  is  a  term  applied  to  the 
of  objects  at  sea  which  appear  raised  above 
position  by  atniOEipherLc  refraction. 

lelanda  offoa  appear  thua  raiaed  above  tbe 
btverted  Image  is  gecD  below  them.  Dialant  rei 
appear  aboTe  the  boriion.  when  (heir  diilanro  w 
the;  would  be  far  below  the  boriton  if  they  were 
dinary  refraction. 


the   elevation        J-^i^ 
water,  end  an      ^^^S~^ 


E/w> 


I   seen    in   Egypt,   and    sandy   deserts, 


o»uied  lij  nj»  reflected  from  sLrnU  uf  air  heoteJ  Ljr  tbe  liumingl 
Made.     Distant   objects   are  seen  reBeuUil  hj  the  healed   air   a 


hich   disnppeara    ui 
of  the  mirage  i 


a   beitiitifii 
traveler  approach  ea.      The  phi 
flg.  418. 

III.     rOHKlZ.lTIOS  OF  LIGHT. 

541.  Direction   of  lomlDoas  vibtatlona. — The  ph 

polarized  li^ht  are  juHtlj  rcg^ariled  aa  the  most  Wonderful  in  the  nholfl 
■clence  of  nptiuH.  The»e  plienomenn  are  most  rGadll<r  expUined  nnd 
Dnderstoud  bj  refercDoe  to  tha  undulatorj  theory.  It  has  been  staled 
(3!)8)  that  the  vibratioiia  uf  light  more  at  right  angles  with  the  direc- 
tion of  the  rajN. 


Thii  ipecii 
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542.  IraDBmisaion  of  luminaiM  Tibratlona. — Opnqiio  !>uV«titne«a 
allow  DO  luQiinnu''  vibrntiotiB  to   pass   through   them.     Some  hudhi 
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trADsmit  Deitrly  all  the  luminous  Tibrations  which  fall  uj.  du  them ; 
other  bodies  are  capable  of  transmitting  only  those  vibrations  of  light 
contained  in  a  single  plane,  or  that  portion  of  the  vibrating  force  which 
can  be  resulved  into  vibrations  in  that  plane.  Other  bodies,  capable 
of  vibrating  in  two  directions,  reduce  all  the  vibrations  which  thej 
transmit  to  vibrations  in  the  two  planes  in  which  these  bodies  them- 
selves are  capable  of  vibrating.  Some  bodies,  bj  reason  of  the  position 
in  which  an  incident  beam  of  light  falls  upon  them,  alter  the  direction 
of  the  vibrations  which  they  transmit,  and  thus  produce  a  beam  of 
light,  whose  vibrations  are  all  limited  to  a  single  plane. 

543.  Change  produced  by  polarization  of  light. — A  beam  of 
light  is  said  to  be  plane  polarized  when  all  its  vibrations  move  in  a  single 
plane,  or  in  planes  parallel  to  each  other.  This  may  be  illustrated  by 
a  bundle  of  stretched  cords,  all  vibrating  in  one  direction.  If  the  cords 
differ  in  size  or  tension,  the.  lengths  of  their  vibrations  will  differ.  This 
may  illustrate  the  vibrations  of  different  420  421 
colon,  which  vary  in  the  lengths  of  their 
▼ibralioDS  (531).  A  round  rod  may  be 
taken  to  represent  a  small  beam  of  com- 
mon light,  and  the  radii  shown  in  fig. 
420  may  represent  the  transverse  vibra- 
tions by  which  light  is  propagated  in 
ordinary  media.  Fig.  421  will  then  represent  a  transverse  section  of  u 
polarized  beam,  with  vibrations  in  planes  parallel  to  each  other. 

544.  Resolution  of  vibrations. — The  principle  of  resolution  of 
forces  (50)  will  enable  us  to  understand  how  vibrations,  in  an  infinite 
number  of  planes  passing  through  the  general  direction  of  a  beam  of 
light,  may  be  resolved  into  vibrations  in  two  planes,  making  with  each 
other  any  required  angle.  If  0  £,  fig.  422,  represents  the  direction  and 
intensity  of  a  vibration,  it  will  be  equivalent  422 

to  O  a  and  0  c,  in  axes,  at  right  angles  to 
each  other.  Vibrations  represented  by  0  F, 
0  O,  and  0 II,  may,  in  the  same  manner,  be 
resolved  into  vibrations  in  the  axes  A  B  and 
CD.  Then  Oa  +  Oa^-t-05  4-06^  will 
represent  the  intensity  of  the  resulting  vibra- 
tions in  the  axis  A  B,  and  Oc-fOc^-fO^^ 
-^  Od^  will  represent  the  intensity  of  the 
resulting  vibrations  in  the  axis  G  D.  If  we 
thus  resolve  vibrations  in  an  infinite  number 
of  planes  into  vibrations  in  the  axes  A  B  and  C  D,  the  sum  of  the 
resulting  intensities  in  the  axis  A  B  will  be  exactly  equal  to  the  sum 
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or  tLe  inUusitios  in  the  uih  CD.  A  raj  ut  coiuinun  light  niftjr  thtrfr 
fore  be  conHidored  ru  coiiniKling  nf  Txlimtiuii*  moving  in  iwo  pUoet  Kt 
right  angles  to  eauh  other.  An;  meiliuni  that  will,  either  bj  ita  pusi- 
tiuD  or  internal  oouBtitution,  separate  light  into  two  parts,  vibrating  in 
planes  at  right  angles  to  eaoh  other,  will  produoe  that  ohange  denoaii- 
liated  polarization  of  light. 

545.  Iiight  polarimad  b7  abiorptlon. — Certain  crjaUU  have  the 
reinatlcablc  property  of  polnrixing  ult  the  light  whivb  pasaes  through 
■hem  in  partiuular  liirectiuas.  The;  appear  to  absorb  part  uf  the  tight, 
and  uiiuKe  the  remainder  to  vibrate  in  a  single  direction  onlj. 

ir  a  truiapiTaiii  tuarmftlina  ii  cat  into  plshia  one-lhiillelh  of  sn  ineb  thiol 


aad  poiiibud,  Ibo  planB  of  Motion  boing  p»r*]ld  t 
hein);uDnl  prium  in  whioh  thii  miaeral  nrjiatitlliiMi,  ths  light  I 
■Dch  a  plKli  will  ba  pulnriud.     If  ■  IceoDd  plate  i>  plnoad  p 
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540.  FoIatizaUoii  bj  refleotlon. — When  light  falls  upon  a  tran 
parent  mediuni,  at  anj  angle  of  incidence  whatever,  wnue  portion  o 
the  light  is  reSeL'Ied,  When  the  incident  light  fnlla  upon  the  mcdiui 
at  a  particulnr  nngle.  whiuh  varies  with  the  nature  uf  the  Bubstancr.  nil 
the  refteoted  light  is  polarixed. 

Let  a,  O,  flg.  lis,  bo  ■  plate  »{  glaaa  or  aaj'  other  tnn>ipsn.-Dt  ODdiuni,  ■ 
lal  a  raji  of  light,  a  i.  fall  npiin  il  at  >uch  ui  angle  that  the  rsBsglad  raj,  i 
■baU  uaka  an  angle  uf  tO"  oilb  the  ref>acUd  ray,  *ii 

i  rf,  Ihen  tfan  refleatBd  rajr  b  e,  wbieb  repraneDla  bal 
aamall  parlien  of  lbs  incident  iSgbt,  nlll  be  palaHned. 
If  tbe  median  ii  Iwiindcd  bf  parallel  aarfMea,  tija   I 
portion  of  tba  light  reflecled  tram  the  soeond  inrtWcc  | 
Will  alia  be  polarlied. 

The  anptle  nt  pnUriutioti  by  rvaeFtloti  may  b«  di 
lenniaed  by  the  iiillowinp  Ian,  The  innyint  u/  li 
aiigtt  a/  iiridaiet  /ur  irH-^h  lit  rrffi-l'il  '-njl  in  pnlarfifil,  li  t^na 
of  rtfro<:U<.«  far  il>r  yrfl^rti..,,  titiiium.  Tbia  law  loppoiM  tba 
■tan«  niL.-a  denie  than  (he  turrounding  inodlum.  If  tbe  tight  ia  refleeifd  troa 
the  toroDd  aurfoce.  aa  whun  pacing  from  glaaa  or  water  into  aiij  tlo  inilvaf 
refraction  et/uaU  lix  wi™"s«iil  ,/  Ihe  t,.,gU  ,./  ^'Wnr«n(in».  The  pulnHiing 
angle  for  rsOootino  frnin   glus,  ia  bt,"  ib',  rerlinocd  froni   'br  perpi^nil 
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nipeluitlBBaBKlafeT  wftt«r  i>  iS"  II'.  Ai  thi 
dilbc«Dt  oolun,  tba  poluiiiog  ugJe  rtritt  id  the 
If  A  pqIviiwI  raj  fallm  upon  m  reflectiajt  aurfAci 
■nd  Ihg  nBecting  iDriue  i«  routed  uaund  Ibi 
poUriied  imj  u  ui  aiia,  whan  it  ii  so  pliKed  (bal 

Id  which  the  rkj  vu  polariied,  (be  polari 
will  b*  rsflected  jnit  u  if  it  van  unt  p> 
bg(  whao  tba  plana  of  incidenea  mtkoi 
of  M°  with  the  plane  of  polariiglian,  Ibi 
atinij  inUrcBpted,  u  ibawn  in  Bg.  4ZS. 
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lik*  »  plale  of  tonrmalin*. 

Polarisation  b;  mctalllo  reflection. — To  obtain  a  beam  of  plui 
poUriied  light  bj  reflection  from  metallic  plates,  the  light  munt  be 
reflBctad  man;  timei  at  the  angle  moRt  Tavomble  to  piilariiation.  A  raj 
of  light  once  reflected  from  a  metnlHc  plute  at  the  mnat  favorable  angle 
^pean  to  cunsist  of  light  Tibrntlng  in  tTFo  planes,  in  one  of  which  tbe 
pfaaM  of  TibratioD  is  retarded  Tram  0  to  J  of  a  rlhration  behind  the  light 
vibrating  in  the  other  plane.     This  ik  called  elliptical  polariiatioa. 

When  the  two  platieB  of  vibration  are  at  right  angles  to  each  other, 
uid  the  phases  of  vibration  differ  bj  J  of  a  vibration,  tbe  light  is  said 
to  be  eircalarli/  polarized. 

The  diamond,  sulphur,  and  all  biidieB  possessing  an  adamantine 
lostre,  produce  elliptical  polariintion,  and  if  emplojed  aa  analysing 
redaotors,  thej  change  plane  polarised  to  ellipticallj  polarised  light. 
The  investigation  of  tbeg«  varieties  of  polarised  light  would  exceed  the 
limila  of  an  eleroentarj  work. 

&47.  Polailxatlon  by  refraction. — When  light  is  polarited  bj 
nAeetion  from  either  tbe  first  or  tbe  second  surface  of  a  transparent 
medium,  a  portion  of  the  transmitted  light  is  polarised  bj  refraction. 
The  amount  of  light  polarised  bj  refraction  is  just  equal  tIT 

to  the  unouDt  polarised  by  reflection,  bnt  as  the  amount 
of  light  transmitted  bj  transparant  substances  very 
mnch  etoeeds  the  amount  reflected  from  their  surfaces, 
oulj  a  smalt  portion  of  tbe  transmitted  rajrs  are  polar- 
■fod,  or,  more  properly,  tbe  light  transmitted  through  a 
•inffte  plate  is  bat  partially  polarized, 

948.  PoIaiisatioD  bj  ancceBatTB  lefractlona.— 
If  a  ray  at  light,  R  R',  is  transmit  led  obliquely  through 
a  number  of  parallel  transparent  plates,  as  shovrn  in  fig. 
427,  a  portion  of  the  lijrht  is  polarised  at  every  refrao- 
lion,  and  after  a  sufficient  number  of  refractions  the  whole  of  the  ti 
mittod  light  is  polarised. 
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,  at  ibowD  nt  B,  Rg.  4Z8. 
iRhC  polftHud  by  rvfru 
lUrt  >I<D  .t  right  ■ngkt 
if  poUrtiallou,  liu 


1»  pl» 


>l  C,  flft.  418.  LiKbt  not 
polariiad,  thaagh  Tibrmting  in  u 
iDflDitenginbnofpUiiea.uequivB- 
Imt  M  ft  (jtlam  of  Tlbnligna  in 
two  pluiai  at  rifcbt  anglei  to  each, 

549.  Paitlal  polaitsBtlon.— Lighc  reflected  or  r«fncted  at  any 
oblique  angle  is,  in  general,  partial);  pnlariied,  and  b;  repeated  reBfc- 
tioD8  or  refrnctinns  tlie  degree  of  polnritetion  in  increaaed,  until,  afUr 
a  auffioieht  namber  of  reflectioni  or  refroatione,  it  ie  apparentlj  ocon- 
pletel;  polariied. 

Lat  M  IT,  6g.  A2i,  repreatnt  th«  plane  of  rsTrutlon,  and  A  B,  C  D,  tba  ai*«  of 
libration  for  common  light,  tben  by  repenwd  ro-  419 

fraciioni  theso  siu)  will  be  gradually  made  lo       r  i_,        jt 

amoaeboach  other,  untiUb=y.on«ibly  coincide,  *d^  /VS  ATI  (T) 
«  .hown  io  tbe  figure,  when  .bo  light  is  ..id  t°  \C>L  \AJ  \JU  \Lf 
bo   comiilololy   poLariwd.     Tbo  portion  of  light       ;.»-»•-»         T 


.sibly  c< 


a  plan 


on  of  light      ;-     ^ 

IMf       -IT 

of  ohaages.  until  Ibe 

kxea  of  TibrathM 

ogles  to  their  poaition 

D  light  poUiM 

550.  Doabl«  refTBCtioa  ia  a  property  in  certain  orjitals  that  cauRW 
the  tight  passing  through  them  in  particular  direetions  to  be  saparated 
iuto  two  portion*,  which  pursue  different  paths,  and  which  oaoNi 
objects  seen  tbruugh  the  crystals  to  appear  double. 

Tbe  raoat  remarkable  aubnluoe  of  thia  kind  iritli  shieb  w«  an  ftaailiir,  ia 

in  tbe  rbnmbio  ayXem.  as  ihuwn  in  flg.  130.  The 
lino  a  b,  about  which  all  iti  facei  are  lymnielricall; 
amused,  ia  called  the  majeir  aiin  of  the  cryatal,  ao<l 
tbo  piano  acbd,  paising  througb  tbs  aiii,  and 
through  tbe  obtuM  laloral  edg«a,  it  called  (be  jiIoM 

U  *  oryatal  of  Iceland  »p»'  f"""  --*.  <=<      N-J^t— 1 

half  an  inch,  upwarda,  in  thick 
laid  opon  a  aheet  of  paper,  or 

A  It,  C  D,  B  F,  a  H,  are  the  real  linei,  aesn  in  their  (ma  poaition 

linea  ahow  tba  potitioD  of  the  addltiooal  lluea,  eauaed  b;  aitraordinaqi  rafraa- 
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Km.     tb<  lin*  A  B,  la  th*  pluie  of  priDoipal  Hction,  ii  not  doubled.     Any  Una 
panllal  to  A  B,  will  ■!»  appnr  aingls. 

Thg  iadai  of  nCruIion  fur  Ihe  ordinarj  rft;  nmaini  cooatuil,  in  whatcTir 
dinotion  light  piUM  tbroogb  tha  crjilal.  Tbe  index  of  nfrutiDD  foi  Uia 
•itraordiDarj  raj,  when  parallil  to  lh>  aiii,  la  tha  Buua  aa  that  of  (he  oidiDarj 
■a;,  and  dilTen  aiDit  Crani  the  ordinsr)'  ray  when  it  pauai  through  the  firjiial 
at  right  aaglee  ailb  tbe  axis. 

The  index  of  refnctiuii  for  the  ordinitrj  ra;  in  Iceland  spar  ia  con- 
■lMltljr.1.6643  =  m.  The  index  of  refraction  for  tbe  extraordinary  ray, 
when  it  makta  an  angle  of  90°  with  tbe  major  axis,  is  1.4633  =  n.  Let 
SIB  the  angle  which  tbe  extraordinary  ray  makes  with  the  major  axis 
in  Mi;  other  position,  and  let  N^  the  oorreaponding  index  of  refrtiction 
for  the  extraordinary  ray,  its  value  may  be  determined  by  the  following 
formula : — 

y  —  i/ta'-i-[u*  —  m')iiiu'x  =  1/2.7367  —  0.5366  ein'a:. 

551.  FoaltiTB  and  negative  cryatali. — PasittBe  eryttaU  are  those 
in  which  tbe  index  of  refraction  fiir  tbe  extraordinary  ray  is  greater 
than  for  the  ordinary  ray,  and  the  extraordinary  ray  is  refracted  nearer 
to  the  axis  than  the  ordinary  ray.     (Quartz  and  ice  are  examples  of  this 

NtgatiK  eryttdta  are  sucb  as  have  tbe  index  of  refraction  for  the 
•itraordinary  ray  less  Iban  for  tbe  ordinary  ray,  tbe  extraordinary  raj 
being  refracted  farther  from  the  axis  (ban  the  ordinary  ray.  Iceland 
gpv,  tonnnaiine,  corundum,  sapphire,  and  mica,  are  examples  of  nega- 
tire  erystals. 

Save  orjstaJs  have  two  axes  of  double  refraction,  as  nitrate  of  potash, 
•nlpbate  of  liarytes,  and  some  rarieties  of  mica. 

U2.  PalulaatioD  by  doable  m fraction.— When  tbe  light  trans- 
mitted through  a  doubly  refracting  lubstance  is  examined  with  an 
■nalyxer,  it  a  found  that  both  tbe  ordinary  and  extraordinary  rays  are 
eompletely  polarized,  whatever  be  the  color  of  the  light  employed.  The 
tonnnalioe  plate,  or  other  analyser,  will,  in  one  position,  transmit  the 
ordinary  image  and  wholly  intercept  tbe  other,  but  when  m 
Ibe  tourmaline  has  been  rotated  00°  the  ordinary  ray  is 
intercepted,  and  tbe  extraiirdinary  ray  is  transmitled. 

553.  Nlool'a  alngle  Image  prism  is  an  instrument 
lijrmed  of  Iceland  spar,  by  which  tbe  ordinary  image,  pro- 
iuced  bj  doirtile  refraction,  is  thrown  out  of  the  field,  and 
only  a  single  image  (the  extraordinary)  is  transmitted. 

An  elaDgsled  priim  of  Icaland  ipar  ii  out  through  bj  a  plana,  - 

■  F,  It  right  anglea  with  the  principal  laction.  from  tha  obtoia  y/  ^ 

solid  angle  B,  Bg.  431,  tMhing  u  angle  ot  12°  with  tha  ohtuaa    Ex^^^ 
bMral  edge  K,     The  termioal  face,  P,  la  ground  aw«y,  ao  as  te  make  an  angl< 


"  wltli  ths  abluiB  Utsril  sJgs,  K,  and  Uis  ippoiit*  Ue*.  P  ui  giwind  ia 
UDe  ntnnaer.  All  the  nsir  ttieet  ars  careful.]'  tiDliihsd,  and  the  tmt  ptiu 
emented  Uscthcr  agaiD  witfa  Canada  balann,  ia  tb*  >am*  poaitiun  t' 


light. 


Iigl.1,  a 


,  Bg.  -133,  fall!  upun 
•giiu',  for  tbs  ordit 


Uiii  prii 


a  rariety  of  fori 

nnd  yet  one  of  tha 

of  pulsrited  light, 


rrMMJinU  theordinarrrajbF.aud  IhseKIraardinar;  raj  ^rf.     Tb* 

Indfi  of  rofraaUun  1  "  " 

aad  (hit  of  balinm  DDtj  l.iit.  tl 

ths  balaun.  unlcH  the  laeldenC  ra;  diTorgu  widul;  fcoiB  Iba  axti 

«r  the  priim,  but  it  Buffan  total  reB«itian,  uid  ia  nbsorbed  bj  tba 

blMkeaed  side  of  Iba  prum.     The  exlraordibar?  rs;  bu  a  rtfrac- 

llTe  iudu   in  the  leelond  spar  generalljr  le»  than  in  lbs  batiam. 

Tuying,  for  Niiior*  priim,  betveen  l.S  and  l.bt ;  tborefon  it  paaH) 

through  the  balsam  inio  the  lower  part  of  the  prin 

Id  the  direction  g  h,  parallel  to  the  Incident  nj. 

light,  perfectlj  polariied,  from  20°  lo  27"  in  brcadlb. 

554.  Polailxlns  lustnimenta  are  matle 
luit  parlii'ulnr   purpuf^es.     A  simple 
moet  convBiiieot  in  use  fur  exhibiting  the  phi 
is  shown  in  fig.  434. 

A  mirror,  U,  taede  of  plate  glut, 
aorered  vilb  black  varnieb  or  eloib 
on  the  back,  or,  belter,  a  bundle  of 
ten  to  iwebtj  Ihiu  plataa  of  p^iliibed 
gUM,  is  mounled  on  a  mahogiuij 
(Dpporl  at  ths  pulariilug  angle.  A 
Hiool'a  priim,  er  a  tun rm aline  plate, 
at  K,  lervei  M  au  aniljii-r.       The 

oldeola  lo  beexamioed  are  oinunled  in  diimi  of  wood  or  oork,  and  n 
A  or  B,  where  the^  an  most  distinctly  seen  by  the  eye,  louking  through  Ih* 
aaalyior.  The  itudcnt  obo  has  not  a  Kjurmaline,  or  a  Nicol-a  priim,  can  MH 
M  an  analjisor  a  small  piene  of  plate  gluB,  mounted  so  ai  to  route  on  an  axis 
parallel  to  the  bHee  uf  the  instrument. 

Polarized  light  mnj  be  applied  to  the  microscope,  by  mounting  • 
Nicol's  priani  beneath  the  Htnga  as  a  pulariier,  and  another  for  an 
ftnsIyKer,  in  the  bixlj  of  the  microscope,  above  the  object  glas 

559.  Colored  poloiisatlon. — When  a  thin  plate  of  aelsnile,  mim, 
or  any  other  doubly  refracting  substance,  if  placed  between  the  pulariiec 
and  the  analyzer  in  tbe  polariiieope,  the  light  is  separated  i 
beamt,  which  fullnw  different  pathH.  and  as  the  vibrations  of  < 
ftre  more  returdetl  than  those  uf  the  other,  when  they  are  reunile<l 
they  interfere,  and  produce  the  moat  beautiful  ciilora,  varying  with  tbe 
tbicknesa  of  the  plate!',  and  the  position  of  ihoit  aiea  with  rerernnaa  t« 
the  axes  of  the  pnlarixer  and  the  analyier. 
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If  tbe  film  U  rotated,  while  the  polarizer  aud  anaiyztir  remain  fixed,  the  color 
will  appear  at  every  quadrant  of  revulution,  aud  disappear  in  iutermediat4 
pofliuons.  If  the  film  and  the  polarizer  remain  fixed,  and  the  analyzer  la  rotated, 
the  color  will  change  to  the  cumplemuutary  at  every  quadrant  of  revolution ; 
that  Uf  the  same  color  will  he  seen  in  potiitiuus  of  the  anuly/er  difTering  180°, 
aod  the  complementary  color  will  be  seen  at  00°  aud  270°,  from  the  first  position. 

Films  of  selenite,  varying  between  0*00124  and  0-01818  of  an  inch  in  thicknesf, 
will  give  all  the  colors  between  the  wbit«  uf  Newtou'i)  firi^t  order,  and  whitv 
resulting  from  the  mixture  of  all  the  colur^.  If  two  fihuin  of  selenite  are  placed 
over  each  other,  with  their  axe«  parallel,  the  color  produced  will  be  that  which 
belongs  to  the  sum  of  their  thicknesses.  But  when  the  two  films  are  plaiced  with 
their  axes  at  right  angles,  the  resulting  tint  is  that  which  belongs  to  the  difier- 
eoce  of  their  thicknesses. 

556.  Rotary  polarisatioD  is  a  property  which  some  substances 
possess  of  changing  the  plane  of  vibration  in  a  ray  of  polarized  light, 
e?eD  when  it  falls  perpendicularly  upon  it.  The  entire  amount  of 
rotation  depends  upon  the  thickness  of  the  medium.  Quartz,  cut 
transversely  to  its  major  axis,  solution  of  sugar,  camphor  in  the  solid 
state,  and  most  of  the  essential  oils,  possess  the  power  of  rotating  the 
plane  of  polarization  of  a  ray  passing  through  them. 

DiiBerent  substances,  and  sometimes  different  specimens  of  the  same  substance, 
rotate  the  plane  of  polari^tion  in  contrary  directions.  When  the  rotation  takes 
place  in  the  direction  of  the  motion  of  the  hands  of  a  watch,  the  medium  is 
said  to  have  right-handed  polarization.  Thus  we  have  right-handed  quartz,  and 
left-handed  quartz. 

lo  a  beam  of  white  light,  the  vibrations  which  produce  red  have  their  plane 
of  polarization  rotated  much  more  than  the  colors  of  greater  rcfrangibility. 
This  property  varies  inversely  as  the  squares  of  the  lengths  of  the  luminous 
wave*  whieh  produce  the  several  colors.  The  power  of  rotating  the  plane  of 
polarisation  becomes  a  valuable  test  for  speedily  determining  the  nature  of 
varions  chemical  substances,  or  the  strength  of  a  solution  of  any  substance 
baring  this  power.  Soliel's  saccharimeter,  for  measuring  the  relative  amount 
of  eane  and  grape  sugar  in  solutions  or  syrups,  is  constructed  on  this  principle. 
Soeh  an  instrument  affords  also  a  ready  method  of  detecting  the  presence  of 
sugar  in  diabetic  urine. 

557.  Araso*B  chromatic  polariscope  is  a  very  simple  instrument 
for  testing  polarized  light,  and  for  determining  its  plane  of  polarization. 
Id  one  end  of  a  brass  tube  is  inserted  a  prism  of  Iceland  spar ;  in  the 
other  end  of  the  tube  a  circular  opening  is  covered  by  two  plates  of 
quartz  cut  parallel  to  the  axis  and  united  by  their  edges,  one  of  these 
plates  having  right-handed,  and  the  other  lefl-handed,  rotary  polari- 
sation. 

When  polarized  light  is  viewed  through  this  instrument  (the  Iceland 
flpar  being  turned  towards  the  eye),  the  circular  opening  appears 
doable,  and  in  each  image  is  seen  the  line  dividing  the  two  plates  of 
ri  tarj  qoarts,  wHh  complementary  colors  on  opposite  sides  of  the  line. 
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If  the  instrument  is  now  rotated,  two  positions  will  be  found  ni  right 
angles  to  each  other  where  both  parts  of  the  opening  in  the  same  image 
appear  of  a  uniform  tint,  though  the  two  images  still  haye  jomple- 
mentary  colors. 

When  both  segments  of  the  extraordinary  image  have  a  uniform  red 
tint,  the  principal  section  of  the  prism  is  parallel  to  the  plane  in  which 
the  light  has  been  polarized,  and  when  both  segments  of  the  exlrtr 
ordinary  image  are  uniformly  green,  the  plane  of  polarisation  is 
perpendicular  to  the  principal  section  of  the  prism. 

A  plate  of  selenite  or  mica,  or  a  single  plate  of  quartz,  may  be  sobstibited  for 
the  two  segments  of  right  and  left-handed  quartz,  and  two  images  with  eom- 
plementary  colors  will  be  seen  as  before.  All  the  phenomena  of  atmosphwie 
polarization  muy  be  demonstrated  with  this  form  of  the  initrument,  and  the 
plane  of  polarization  may  bo  determined,  but  with  less  aceuracy  than  in  the 
first  form  of  the  instrumenL  As  before,  when  the  extraordinary  image  is  ndf 
the  plane  of  polarization  is  parallel  to  the  principal  section  of  the  prism.  Wh«B 
the  extraordinary  image  is  green,  the  plane  of  polarisation  is  perpendioiilar  to 
the  principal  section  of  the  prism. 

558.  Colored  rings  in  crystals. — Colored  rings  of  great  beauty* 
with  a  black  cross,  are  seen  in  thin  plates  of  doubly  refracting  crystals, 
when  viewed  in  certain  directions,  with  polarized  light. 

Figs.  435  and  436,  show  the  appearance  of  the  rings  and  cross  in  thick  platM 
of  quartz,  in  positions  at  90°  from  each  other.  Other  uniaxial  oryetalB  show  a 
similar  system  of  rings  beautifully  colored.     Figs.  437  and  438  show  the  foxm 

435  436  437  438 


of  the  colored  rings  in  biaxial  crystals;  «.  g,  some  micas.  Every  doa»lj 
refracting  crystal  presents  some  peculiarity  in  the  form  and  arrangement  of  the 
colored  rings  seen  in  its  thin  sections.  This  subject  is  of  great  interest  to  the 
mineralogist-. 

559.  Polarization  by  heat,  and  by  compression. — Glass  irregu- 
larly heated,  or  heated  and  irregularly  cooled,  possesses  the  power  of 
double  refraction,  and  when  viewed  by  polarized  light,  it  exhibits  dark 
crosses,  bands,  or  rings,  varying  with  the  form  of  the  glass,  and  differ- 
ence of  density  in  different  parts.  Similar  phenomena  may  be  produced 
by  compression,  or  by  bending  rods  or  plates  of  glass. 
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560.  Magnatio  rotary  polarisation. — If  a  thick  plate  of  glass  is 
applied  to  the  poles  of  a  powerful  electro-magnet,  the  glass  is  neither 
attracted  nor  repelled ;  but  if  a  ray  of  polarised  light  is  transmitted 
through  the  plate  in  a  certain  direction,  the  plane  of  polarization  is 
rotated  as  by  a  plate  of  quartz,  or  other  rotary  polarizer,  showing 
that  light  and  magnetism  have  some  intimate  relation  to  each  other. 

This  rotary  effect  may  depend  apon  change  in  the  tension  of  the  moleoolea 
of  the  glsM  by  the  magnetic  force,  and  not  upon  any  direct  relation  between 
light  sod  magnetism. 

561.  Atmospheric  polarisation  of  light. — The  light  of  the  sun 
reflected  by  the  atmosphere  is  more  or  less  polarized,  depending  upon 
the  angular  distance  from  the  sun. 

If  the  earth  had  no  atmosphere,  the  sky  would  everywhere  appear  perfectly 
black.  The  color  of  the  sky  is  produced  by  light  reflected  by  the  atmosphere. 
If  we  look  at  the  sky  through  a  Nicol's  prism,  we  shall  find,  on  rotating  the 
prism,  that  light  from  some  parts  of  the  sky  is  polarized  to  a  rery  appreciable 
extent.  There  are  several  points  in  the  sky  where  no  polarisation  is  perceptible. 
The  point  in  the  heavens  directly  opposite  to  the  sun  is  called  the  anti-tolar 
poitu.  At  a  distance  above  the  anti-solar  point,  varying  from  11^  to  18^,  there 
is  a  point  of  no  polarisation,  and  another  neutral  point  at  an  equal  distance  below 
the  anti-solar  point.  Another  neutral  point,  or  point  of  no  polarization,  is 
found  fh>m  12°  to  18®  above  the  sun,  and  a  similar  one  below  it ;  but  the  latter 
is  observed  with  great  difficulty.  When  the  sun  is  in  the  zenith,  these  two  points 
eoincide  in  the  sun.  At  all  other  points  in  the  sky,  the  light  is  more  or  less 
polarised,  the  degree  of  polarisation  amounting  sometimes  to  more  than  one- 
half  as  much  as  by  reflection  from  glass  at  the  angle  of  complete  polarization. 

562.  The  eye  a  polariacope. — The  structure  of  the  crystalline  lens 
is  such,  that  the  unaided  eye  is  capable  of  analyzing  a  beam  of  light 
polarized  by  reflection  or  by  double  refraction.  A  person  accustomed 
to  use  his  eyes  in  viewing  the  phenomena  of  polarization,  can  thus 
detect  with  ease  facts  of  this  nature,  which  are  wholly  inscrutable  to 
one  not  familiar  with  such  observations;  another  of  the  numerous 
proofs  we  have  that  the  eye  is  capable  of  very  exact  training;  but 
nevertheless  it  is  a  proof  also  of  an  imperfection  in  the  eye  itself. 

M.  Haidinger  has  observed  a  remarkable  phenomenon  of  polarised  light,  by 
which  it  may  be  recognised  by  the  naked  eye,  and  its  plane  of  polarizatioa 
ascertained.  This  phenomenon  consists  in  the  appeararice  of  two  brushes  of  a 
very  pale  yellow  color,  the  axis  of  which  coincides  always  with  the  trace  of 
the  plane  of  polarisation ;  these  are  accompanied,  on  either  side,  by  two  patches 
oi  light  of  a  complementary  or  violet  tint.  In  order  to  see  them,  the  plane  of 
the  polarisation  of  the  light  must  be  turned  quickly  from  one  position  to  another ; 
tiiis  may  be  done  by  revolving  before  the  eye  a  Nicol's  prism  directed  towards 
a  white  cloud. 

The  most  probable  explanation  is  that  given  by  M.  Jamin,  in  which  the  pro. 
daeiion  of  the  phenomenon  is  ascribed  to  the  refracting  coats  of  the  eye,  they 
being  compared  to  a  pile  of  parallel  plates  of  glass. 
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5G3.  The  praotioal  ■ppllcaUoD%  of  polarised  light  tn  oiuno- 
TDus.  TJie  iB'iUr  lelamiK  uunNiNla  of  aii  urdiiiiir;  iiiiirin«  tel«Kope, 
with  n  Nk-ul's  prism  inncrled  in  tlie  ev«-|iin.'c!. 

Thn  llebt  nsflwiffll  ffnm  the  (urfu™  of  ths  ■■Ur  ii  ibe  priiicitml  ubslriiBtaaa 
in  riswiug  ulyrKU  bsuulli  id  inrfXKi.  Nieul'i  pri*m.  in  a  carlain  potitlon, 
BDlinlr  cuM  oS  lbs  poUriied  portion  uf  (ba  tefl«t«d  light,  ■n'l  fttluBi  ubJMU 
far  l>«luw  Iho  lurnuts  l<i  ha  leen  id  (be  [skmwpo.  A  Nlofi'a  prlim,  >u  Lbe  •■n» 
nuaoer,  will  <ail>k  tbx  aihcrniiui  to  Unci  b!i  spuor  oilh  gnftMr  vcrtaialy. 

Am»teiir«,  in  viditing  galleries  iif  pnintingn.  find  Nicol's  priams 
mounted  oa  spfiolanleH  of  grent  aerviue.  Let  the  uliserrer  place  liim- 
aelf  in  an  oblique  position,  and  look  at  an  oil  jiainting ;  when  the  sheen 
of  reflouted  light  reodDn  the  objects  id  the  paititiiig  itivisible,  he  has 
but  to  lucik  through  a  Nleul's  prism,  set  in  a  pniper  position,  aod  the 
entire  details  of  the  painting;  at  once  become  visible  in  all  their  proper 
oolurs.  All  opera-glius,  provided  with  Nicul'a  prisma,  would  be  % 
valuable  in^trumeot  in  enUDiniDg  a  picture  gallerj.  Pularlied  light 
is  also  of  great  value  in  miorusoopic  investigations. 

Fig.  439  ihowi  tb«  appunncB  of  ■  grain  439  i40 

of  suich,  brillluillr  Uh 

polariied  llgbt. 
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By  means  of  polarized  light,  the  chemist  can  detect  on 
millionth  of  a  gramme  of  8ods,  and  distinguish  it  from  putOMa  Ol 
other  alkali.  In  physiological  chemistry,  especially  in  the  exaininatii: 
of  cryntaln  found  in  vnriuos  cavities  and  fluids  of  both  animals  ar 
plants,  the  use  of  polarized  light  is  especially  important. 

Instead  of  a  fen'  isolated  facta,  of  interest  only  to  the  curious  inquire 
the  polariiation  iif  light  presents  itself  ax  a  gredt  fuet  in  nature,  mot 
ing  us  with  wonderful  revelations  in  almost  every  department  'if  natur 
fieienoe.  By  this  marvelous  property iiflight,  the  astronomer  determin 
that  the  planotfl  shine  by  reflected  light,  and  that  the  stars  are  sc 
luminous  bodies. 


Problems  In  Optics. 
Velocity  and  Intensity  of  IilgM. 
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178.  How  long  doea  it  take  the  light  of  the  north  star  to  reach  the  earth,  the 
distance  being  estimated  2,961,000  times  greater  than  the  distance  of  the  earth 
Arum  the  sun  ? 

179.  Two  lights  give  equal  illumination  upon  Bunsen's  photometer,  when  it 
J  placed  between  them  at  a  ditftauce  of  3  feet  from  one  light,  and  4  foot  7 
inches  from  the  other;  what  is  their  relative  illuminating  power? 

180.  A  s*!reen  is  equally  illuminated  by  twu  flames,  when  one  of  them  is  40  inches 
from  it,  but  when  a  plate  of  glass  is  interposed,  the  same  light  is  required  to  be 
brought  to  a  distance  of  38  inches  that  the  illumination  may  be  again  equal ; 
what  proportion  of  the  light  is  tranomitted  by  the  glass? 

181.  At  one  extremity  of  a  bar,  100  inches  long,  is  placed  a  standard  candle 
mrning  120  grains  per  hour  (the  usual  standard  in  photometric  measurements 

of  gas),  at  the  other  end  is  a  gas  burner  consuming  6  cubic  feet  per  hour.  A 
Banten's  screen,  moving  on  this  bar,  is  distant  Hj^^  inches  from  the  candle, 
when  both  sides  are  equally  illuminated  ;  what  is  the  illuminating  power  of  the 
gas  in  terms  of  the  candle  as  a  unit  ? 

182.  By  a  similar  trial,  the  photometer  is  19 1'^  inches  distant  from  the 
•taodard  eandle  when  the  disc  is  equally  illuminated,  but  it  is  found  that  the 
eandle  ts  burning  129  grains  per  hour,  while  the  gas  burner  consumes  only  4| 
enbie  feet  of  gas  per  hour ;  what  is  the  illuminating  power  of  5  cubic  feet  of 
this  sample  of  gas  in  terms  of  the  standard  candle  at  120  grains  as  a  unit? 

Reflection  of  Light. 

183.  At  what  angle  must  two  mirrors  be  inclined,  so  that  a  ray  of  light  inci- 
dent parallel  to  one  mirror  may,  after  reflection  at  each  mirror,  be  parallel  to 
the  other? 

184.  How  many  images  will  be  seen  in  a  kaleidoscope  when  the  two  mirrors 
of  which  it  is  composed  are  placed  at  an  angle  of  20°  ? 

185.  A  concave  mirror  collects  solar  light  to  a  focus  6  inches  from  its  surface ; 
where  will  it  form  an  image  of  an  object  placed  12  feet  in  front  of  it? 

186.  A  luminous  point  is  placed  at  a  distance  of  3  feet  in  front  of  a  concave 
mirror  of  1  foot  radius ;  find  the  distance  of  the  focus  of  reflected  rays. 

187.  What  must  be  the  position  of  a  luminous  point  before  a  concave  mirror, 
that  the  distance  between  the  foci  of  incident  and  reflected  rays  may  be  equal  to 
the  radius  of  the  mirror  ? 

Refraction  of  Light. 

188.  Find  the  thickness  of  a  plane  glass  mirror  silvered  at  the  Hack,  so  that 
^n  object  one  foot  in  front  of  its  first  surface  may  have  the  image  formed  by 
reflection  at  the  second  surface  twice  as  distant  from  the  object  as  if  the  reflec- 
tion took  place  from  the  first  surface;  the  index  of  refraction  being  n  =  1||. 

189.  A  fish  is  seen  in  a  position  known  t-o  be  4  feet  below  the  surface  of  the 
water,  and  the  direction  in  which  it  is  seen  makes  an  angle  of  45°  with  the 
perpendicular ;  at  what  angle  must  a  lance  be  thrown  to  strike  the  fish  ? 

190.  If  a  pool  of  water  appears  to  be  5  feet  deep,  what  should  we  consider  its 
raU  depth  ? 

191.  A  small  pencil  of  solar  rays,  incident  upon  the  surface  of  a  refracting, 
■phere,  is  brought  to  a  focus  upon  the  opposite  surface ;  what  is  the  refractive 
index  of  the  material  of  which  the  sphere  is  made  ? 

192.  A  small  pencil  of  light  falls  upon  a  concave  spherical  surface  of  glass 
(n  =  1|),  the  rftdius  of  which  is  2  feet.  Supposing  the  radiant  point  distant  3  feet 
firom  the  ref^'acting  surface,  where  will  the  focr  j  of  the  refracted  rays  be  found  / 
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193.  When  divergent  rays  are  incident  from  a  certain  point  apon  a  ipherual 
surface  of  glass,  the  refracted  rays  are  found  to  con  verge  to  a  fooas  at  ezaeklj 
the  same  distance  on  the  opposite  side  of  the  surface ;  is  the  surface  coDTez  or 
concave  ?  and  if  the  position  of  the  point  of  incidence  be  8  feet  from  the  refWust- 
ing  surface,  and  n  =  1*5,  what  is  the  radius  of  the  refracting  surface? 

1^<I.  A  double  convex  lens  of  glass  (n  =  1*534),  whose  radii  are  respectitelj 
2  inches  and  4^  inches,  is  placed  15  inches  before  a  luminous  point;  what  U  the 
position  of  the  focus  of  refracted  rays  ? 

195.  What  is  the  form  of  a  double  convex  lens,  having  the  least  spherical 
aberration,  when  the  glass  of  which  it  is  made  has  an  index  of  refraction 
m  =  1-635? 

196.  What  is  thcddistanoe  of  the  principal  focus  from  a  lent  of  flint  glaaa 
(n  =  1'635)  whose  radii  are,  r  =  2 J,  and  •  =  —  6  ? 

197.  What  single  lens  is  equivalent  to  a  combination  of  a  double  convex  leni 
of  focal  length  2  inches  with  a  double  concave  lens  of  focal  length  4  inches  ? 

198.  Deterinine  the  form  of  two  lenses  of  flint  and  crown  glass,  that  may  be 
cemented  together  so  as  to  constitute  a  plano-convex  achromatic  combination 
of  7  inches  focal  length,  using  flint-glass  in  which  m  =  1*635,  and  the  diaper- 
sive  power  p  =  1000,  and  crown-glass  n  =  1*534,  and  jp'  =  625. 

199.  Two  convex  lenses,  whose  focal  lengths  are  3/ and/,  are  separated  by  aa 
interval  of  2/;  how  must  a  pencil  of  rays  be  incident  upon  the  first  lens,  so  ai 
to  emerge  parallel  after  refraction  through  the  second  lens  ? 

Optical  Inatraments. 

200.  Considering  the  distance  of  distinct  vision  8  inches,  what  will  be  the 
magnifying  power  of  a  lens  whose  solar  focus  is  3  inches,  when  it  is  placed  at  a 
distance  of  5  inches  from  the  eye  ? 

201.  Calculate  the  radii  of  the  two  surfaces  of  a  meniscus  of  crown-glasi 
(n  =  1*5)  to  be  used  as  the  field-lens  of  Prof.  Airy's  eye-piece  (500),  when  the 
eye-lens  has  a  solar  focus  of  half  an  inch,  and  the  field-lens  is  2  feet  from  the 
object-glass. 

202.  Calculate  the  illuminating  power  of  Herschel's  g^eat  telescope,  allowing 
■^jj  of  the  incident  light  to  be  reflected  by  the  speculum. 

203.  On  the  same  conditions  calculate  the  illuminating  and  penetrating  powers 
of  Lord  Rosse's  great  telescope  (503). 

204.  Estimate  the  illuminating  and  penetraUng  powers  of  the  Cambridge 
refracting  telescope  (506;.     A  =  lb  inches,  a  =  0*1  inch,  x  *=  0*9,  r  =  2. 

205.  Compare  the  illuminating  and  penetrating  powers  of  two  achromatie 
objectives  for  the  microscope,  one  of  which  has  an  angular  aperture  of  100*, 
and  the  other  150°,  calling  n  =  6  in  both  cases,  and  x  =  0*8. 

Polarization  of  Light. 

206.  Calculate  the  angles  of  most  perfect  polarization  by  reflection  from  the 
throe  kinds  of  glass  whose  index  of  refraction  is  given  in  §  407. 

207.  What  proportion  of  the  incident  light  is  reflected  in  each  of  the  cases 
considered  in  the  last  problem,  supposing  the  increase  of  reflection  anifcna 
between  any  two  angles  whose  amount  of  reflection  is  given  in  the  table^ 
page  299  ? 

208.  What  is  the  index  of  refraction  for  the  extraordinary  ray  in  loelana 
spai,  when  it  makes  an  angle  of  54°  with  the  principal  axis  of  the  prism? 
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CHAPTER  II. 

HEAT. 

I  1.  Nature  of  Heat.  * 

564.  Heat. — Its  nature. — The  sensatioDS,  which  we  call  heat 
or  cold,  are  produced  by  an  agent  or  cause  whose  real  nature  is 
anknown.  Whatever  this  agent  may  be,  it  influences  matter  of  all 
kinds  without  changing  its  nature.  Scientific  opinion  is  divided, 
chiefly,  between  two  views  of  the  nature  of  heat.  These  are,  the 
corpuscular  theory,  or  theory  of  emission,  and  the  undulatory  theory. 

According  to  the  corpu»cular  theory ,  heat  is  attributed  to  a  peculiar  imponder- 
able fluid,  existing  in  all  bodies  in  combination  with  their  atoms.  The  parti- 
cles of  this  supposed  fluid  are  self- repellent,  and  thus  the  atoms  of  bodies  are 
prevented  from  coming  into  absolute  contact  with  each  other.  This  fluid  is  thrown 
off  from  all  hot  bodies  with  inconceivable  velocity,  and  upon  its  absorption  bj 
other  bodies  the  effects  of  beat  are  manifested.  Thus  hot  bodies  lose  what 
colder  bodies  gain. 

By  the  undulatory  theoryf  heat  is  attributed  to  the  vibratory  movements  of 
Uie  molecules  of  a  hot  body,  communicated  to  those  of  other  bodies,  by  means 
of  a  highly  elastic  fluid  called  ether.  This  ether  pervades  all  space,  and  in  it 
the  undulations  of  heat  are  propagated  with  inconceivable  rapidity,  in  a  manner 
analogous  to  the  slower  progress  of  sonorous  waves  in  air,  as  already  explained. 
This  same  medium,  by  another  kind  of  motion,  is  supposed  to  produce  light 
and  electricity. 

565.  Temperature. — Heat  and  cold. — All  bodies  receive  or  part 
with  heat,  as  their  conditions  change  from  time  to  time ;  the  relations 
which  they  sustain  to  heat  at  a  given  moment  are  distinguished  by  the 
word  temperature,  which  term  implies  nothing  as  to  the  quantity  of  heat 
present  in  a  body,  but  only  its  relation  at  a  specific  time  to  an  arbitrary 
standard. 

Heat  and  cold  are  relative  terms ;  cold  implying  not  a  quality  antago- 
nistic to  heat,  but  merely  the  absence  of  heat  in  a  greater  or  less  degree. 
There  are  no  bodies  so  cold  that  they  will  not  be  warm  to  bodies  colder 
than  themselves.  Our  sensations  give  us  but  little  evidence  respecting 
actual  changes  of  temperature. 

If  we  place  one  band  in  hot  and  the  other  in  cold  water,  and  then  suddenly 
Iniiff'erboth  to  water  having  an  in'torme^iate  temperature,  our  sensations  are 
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at  onoo  rereraed ;  one  band  will  feel  cold,  and  the  other  warm,  althoagh  both 
are  exposed  to  the  same  temperature. 

566.  Action  of  heat  on  matter. — Assuming  that  cohesion  and 
hent  are  counteracting  forces,  it  follows  that  the  three  states  of  matter 
are  effects  of  the  relative  intensities  of  these  two  agencies ;  and  heat 
being  a  repellent  force,  its  increase  must  be  accompanied  with  an 
enlargement  of  volume  in  either  of  the  three  states  of  matter,  while  a 
loss  of  volume  must  accompany  an  increase  of  molecular  force,  or  a 
loss  of  heat. 

Many  familiar  facts  of  daily  experience  confirm  this  statement.  All 
Ixulies  (with  few  exceptions)  expand  with  an  increase,  and  contract 
with  a  loss  of  heat.  The  expansion  may  be  measured  by  an  increase 
of  length  ;  in  which  case  it  is  called  linear  expansion^  or  by  an  increase 
of  volume,  and  then  it  is  called  cubic  expansion.  The  first  measare  is 
commonly  used  for  solids,  the  second  for  liquids  and  gases,  but  the  first 
is  easily  converted  into  the  second  by  cubing.  Substances  vary  Tery 
much  in  their  degree  of  expansion  for  the  same  increase  of  temperature: 
solids  expand  less  than  fluids,  and  liquids  less  than  gases. 

But  the  laws  of  expansion  will  be  better  studied  after  some  acquaint- 
ance is  obtained  with  the  means  of  measuring  differences  of  temperature. 

2  2.  Measurement  of  Temperature. 

I.     TnERMOMETERS. 

567.  Thermometers. — The  measurement  of  temperature  is  accom- 
plished by  observing  the  amount  of  expansion  or  contraction  in  any 
substance  arbitrarily  assumed  as  a  standard  for  the  purpose.  Such  an 
instrument,  whether  the  substance  selected  is  a  solid,  a  liquid,  or  a 
gas,  is  called  a  t1iermometei\  or  measure  of  temperature.  For  special 
purposes,  thermometers  are  constructed  with  either  solids,  liquids,  ur 
gases.  In  much  the  greater  number  of  cases,  however,  mercury  is  the 
only  substance  employed,  not  only  because  of  its  great  range  of  tem- 
perature between  freezing  and  boiling,  but  also  because  its  changes  of 
volume  for  equal  changes  of  temperature  are  more  nearly  proportional 
to  the  temperature  than  those  of  any  other  liquid. 

568.  Construction  of  mercurial  thermometers. — Thermometei 
tubes. — A  capillary  glass  tube  of  which  a  thermometer  is  to  be  made, 
should  be  one  whose  bore,  throughout,  is  of  the  same  calibre,  so  that 
equal  lengths  within  it  will  contain  equal  quantities  of  mercury.  The 
equality  of  the  bore  is  ascertained  by  causing  a  short  cylinder  of  me^ 
cury  (say  one  inch)  to  pa<ts  from  end  to  end  of  the  tube,  and  if  it 
measures  an  equal  length  throughout,  then  the  calibre  is  equal ;  others 
wise  the  tube  is  rejected.     Only  about  one  in  six  of  thermometer  tubes 
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MO  found  to  possess  a  canal  of  equal  bore.  A  proper  tube  haying  been 
selected,  a  bulb  (cylindrical  or  spherical)  is  blown  upon  it  by  means 
of  a  gum  elastic  bag  fitted  to  the  open  end.  The  breath  would  fill  the 
tul)e  with  moisture.  The  form  of  the  bulb  is  conventional.  A  cylin- 
drical bulb  will  be  more  readily  affected  by  the  temperature  of  the 
surrounding  medium  than  a  spherical  one,  because  it  exposes  a  larger 
surface. 

Filling  the  tube  with  meroury  is  facilitated  by  tying  a  paper 
fannel  on  the  open  end  of  the  tube,  or  a  glass  reservoir,  C,  fig.  441, 
is  employed  to  hold  a  portion  of  pure  mercury.  441 

As  so  dense  a  fluid  could  not  enter  a  capillary 
opening,  the  air  in  the  bulb,  D,  is  expanded  by 
the  flame  of  a  spirit  lamp,  holding  the  tube 
as  seen  in  the  figure.  As  the  air  expands,  a 
portion  of  it  escapes,  passing  the  mercury  in 
C.  Allowing  the  bulb  D  to  cool,  the  pressure 
of  the  air  soon  forces  a  portion  of  the  mercury 
from  G  through  the  capillary  tube  into  the 
lower  reservoir,  exhibiting  in  its  progress  the 
successive  stages  of  the  capillary  surfaces 
explained  in  {  235.  The  lamp  is  again  ap- 
plied to  boil  the  mercury  in  D,  and  after 
several  minutes,  all  the  air  and  moisture 
are  expelled  from  the  tube  by  the  mercurial 
vapor.  The  bulb  is  then  cautiously  cooled 
once  more,  when  it  will  be  found,  as  well  as 
the  stem,  completely  filled  with  mercury.  The 
extremity  of  the  tube,  G,  is  then  drawn  out  to 
a  narrow  neck,  and  broken  off  preparatory  to 
sealing.  A  greater  or  less  portion  of  the 
mercury  remaining  in  the  stem,  must  now  be 
removed,  according  to  the  range  designed  to  be  indicated  by  the  ther- 
mometer. This  is  acoomplished  by  gently  heating  the  bulb.  When 
about  two-thirds  of  the  mercury  contained  in  the  stem  has  been  driven 
out,  and  while  the  stem  is  yet  full,  the  flame  of  a  blow-pipe  is  directed 
upon  the  end  of  the  stem,  the  glass  melts,  and  the  tube  becomes  her- 
metically sealed. 

569.  Standard  points  in  the  thermometer. — Qradoation.—  A.s 
variations  in  the  height  of  the  mercurial  column  in  the  thermometer 
depend  upon  the  changes  of  temperature  to  which  it  is  8ubjocted,  it  is 
necessary  to  graduate  the  instrument,  or  construct  a  scale,  whereby 
tficse  variations  may  be  indicated,  and  the  temperatures  indicated  by 
86  « 
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one  thermnmetor  cmiiginT 
eiisled  B  iiaturnl  zero,  n 
nietrio  scale  might  be  oi 
nittuntl  lero,  anil  Cborefui 
nllhough  billed   up<)n 


^J  with  thane  fLotrn  by  nnouier.  If  then 
absiiluie  limit  to  temperature,  tlia  thertno- 
iibered  upwards  fnim  it.  But  there  ia  do 
I  the  the rmoute trie  scale  must  lie  arbitr&rj, 
well -determined   physiual    phcnomCDa. 


Experiment  has  determined  that  the  melting  point  of  ice,  and  the  boil- 
lug  point  uf  pure  water,  under  certain  given  condition*,  are  always  tlie 
same,  and  thcEe  points  (cnlled,  refl|i«ctively,  theyrMWin^  uid  boiting 
poiBf»)  liare  been  adopted  in  nil  countries  as  the  two  temperatures,  with 
rererence  to  which  thermometrio  scales  are  oonatructad. 
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atek  of  which  the  thermometer  is  suspended  by  a  cork,  tbi  ugh  which  a  small 
glass  tabe  allows  also  the  escape  of  the  steam.  The  stem  of  the  thermometer  (f ) 
is  ac^asted  so  that  the  point  a,  to  which  the  mercury  ri£>es  when  heated  to  the 
temperature  of  boiling  water,  is  just  visible  above  the  cork.  This  point  is 
definitely  marked  when  the  level  of  the  mercury  becomes  stationary,  thus  indi- 
cating the  boiling  of  water.  Let  this  point  be  indicated  by  the  expression  n^ 
which  corresponds  to  the  temperature  7",  at  which  the  observation  wa?  made. 

This  temperature  T  is  equal  to  100°  C.  or  212°  F.,  when  the  barometric  pres- 
sure is  30  inches  (or  760  millimetres).  But  as  the  temperature  of  ebullition 
Taries  with  the  barometric  pressure,  it  is  plain  that  the  value  of  Twill  vary  with 
the  height,  if,  of  the  barometer.  It  is  essential,  therefore,  to  accuracy  in 
graduating  the  thermometer,  that  the  boiling  point  should  be  fixed  when  the 
barometer  is  at  30  inches. 

After  dividing  the  space  between  the  freezing  and  boiling  points  into  as  many 
equal  parts  as  there  are  designed  to  be  degrees  in  the  scale,  the  divisions  are 
continued  both  above  and  below  the  fixed  points.  This  mode  of  graduation 
involves,  however,  serious  errors,  some  notice  of  which  Ls  taken  in  J  576. 

570.  Different  thermometric  scales. — Having  fixed  these  two 
standard  points  in  a  thermometer,  the  space  between  them  is  next  to 
be  subdivided  into  a  certain  number  of  equal  parts,  called  degrees. 
Unfortunately,  in  different  countries,  this  interval  has  been  differently 
8ub«liyided.  In  scientific  researches,  the  Centigrade  scale  is  almost 
exclusively  in  use,  while  in  common  life,  in  the  United  States,  England, 
and  Holland,  Fahrenheit's  scale  alone  is  used. 

Fahrenheit's  scale. — In  the  Fahrenheit  scale,  the  interval  between 
the  boiling  and  freezing  points  is  divided  into  180  equal  parts,  which 
are  called  degrees.  The  zero,  or  0%  of  this  scale,  is  32  of  these  degrees 
below  the  freezing  point. 

Fahrenheit  adopted,  as  the  sero  of  his  thermometer,  the  temperature  which 
had  been  observed  at  Dantxio,  Holland,  in  1709,  and  which  he  found  he  could 
always  reproduce,  by  using  a  mixture  of  ice  and  salL  At  that  temperature 
(which  he  believed  to  be  an  absolute  zero  of  cold)  he  computed  that  his  instru- 
ment contained  11,124  equal  parte  of  mercury,  which,  when  plunged  into  melting 
snow,  were  increased  to  11,156  parts.  Hence  the  space  included  between  these 
two  points  (vis.,  11,156  — 11,124  =  32)  was  divided  into  32  equal  parts,  and 
32**  indicates,  therefore,  the  freesing  point  of  water.  When  his  thermometer 
was  plunged  into  boiling  water,  Fahrenheit  estimated  that  the  mercury  was 
expanded  to  11,336  parts,  or  212  parts  above  his  zero,  and  therefore  212" 
(11,336  — 11,124=212)  was  marked  as  the  boiling  point  of  that  fluid.  In 
praotice,  Fahrenheit  determined  the  boiling  point  of  water,  and  the  melting  po'nt 
of  iee,  and  then  graduated  the  tube  by  equal  divisions  to  bis  sero.  To  Fahren- 
heit  belongs  the  merit  of  having  introduced  the  use  of  mercury  in  thermometers, 
whioh  had  previously  been  made  only  with  alcohol,  water,  or  air,  and  his 
graduation  of  the  thermometric  scale,  although  unscientific,  is  not  irrational  as  i( 
is  often  represented. 

Centigrade  scale. — In  the  year  1742,  the  Swedish  philosopher 
Celsius,  professor  at   Upsal,  introduced  the  Centigrade  scale  (from 
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eefUum,  one  handred,  and  gradus,  degree).  It  is  adopted  univerMllj 
in  France,  and  in  the  north  and  middle  of  Europe.  The  nterral  b^ 
tween  the  freezing  and  boiling  points  in  this  scale,  is  divided  into  100 
etiual  parts  or  degrees ;  the  degrees  being  counted  upwards  and  down- 
wards, from  the  freezing  point  of  water,  which  is  zero.  The  tempera- 
tures below  zero  in  this,  as  in  all  thermometers,  are  indicated  bj  the 
negative  algebraic  sign  — ;  those  above,  by  the  positive  algebrmio 
nign  -f- ;  thus  —  20°  signifies  20  degrees  below  zero,  but  -j-  20^  signified 
2C  degrees  above  zero. 

Reanmar's  scale. — Reaumur,  a  French  pbiloaopher,  introdnoed  his  seale 
in  1731.  He  proposed  to  use  spiriU  of  wine,  of  such  a  strength,  that  between 
the  two  standard  points,  1000  parts  should  become  1080.  He  divided  the 
interval  between  these  points  into  80  equal  parts ;  the  sero  being  placed  at  the 
freezing  point  of  water.  Reaumur's  thermometer  was  the  only  one  used  in 
Prance  before  the  Great  Revolution  (a.  d.  1789);  it  is  still  best  known  in  SpaLo, 
and  in  some  of  the  older  European  states. 

All  thermometric  scales  are  purely  arbitrary.  We  know  only  a 
small  part  probably  of  the  vast  possible  range  of  temperature,  and  we 
select  the  two  great  natural  phenomena  adopted  for  the  fixed  points 
of  our  scales  because  they  can  be  readily  verified,  and  because  the 
range  between  them  includes  the  temperatures  which  we  have  most 
occasion  to  measure  in  the  common  experience  of  life. 

571.  Comparison  and  conversion  of  thermometric  scales. — 
The  scale  employed  in  a  thermometer  is  indicated  by  the  name,  or  by 
one  of  the  initial  letters,  F.,  C,  R.  The  degrees  of  one  thermometric 
scale  are  readily  converted  into  those  of  another.  Since  180®  F.  =  100* 
C.  =  80°  R.,  therefore  T  F.  =  i°  C.  =  i°  R. 

As  the  value  of  a  degree  in  Fahrenheit's  thermometer  is  greater  by  32  than 
the  number  of  divisions  from  the  freezing  point,  32  must  always  be  subtracttd 
before  the  -|-  degrees  of  Fahrenheit  are  converted  into  those  of  the  other  scaleiy 
and  added  upon  the  conversion  of  other  degrees  into  Fahrenheit. 

£asy  rules  for  mental  calculation  arc : — Ist,  to  convert  Centigrade  to 
Fahrenheit  degrees,  double  the  number  of  Centigrade  degrees,  subtrad  on^ 
tenth,  and  add  thirty-luH) ;  or,  multiply  the  Centigrade  degree*  6y  I'd  and 
add  32°.  And  concisely,  to  reduce  Fahrenheit  degrees  to  Centigrade, 
subtract  Z2^  from  the  Fahrenheit  degrees^  and  divide  the  remainder  by  1*8. 

572.  House  thermometers. — For  common  use,  the  thermometer  is 
mounted  on  a  plate  of  brass,  ivory,  porcelain,  or  wood,  on  which  the 
degrees  are  marked,  as  in  fig.  444.  The  words  summer  heat,  blood  keait, 
andyjjrer  heat,  are  often  placed  opposite  the  points  OS**,  98**,  108®  F. 

House  thermometers  are  usually  graduated  by  comparison  with  a  standard, 
and  not  by  determining  the  two  fixed  points.  For  this  purpose  the  standard 
if  immersed  in  a  water  bath  with  the  tube  to  be  graduated,  and  a  Bumber  af 


puinUuathiufliad,  at  diffanot  MnpordtDrat,  m  th*  bothtlowljp  cool*  from  boiU 

isf      Th*  dialucM  beLweed  the  marked  poinla  kre  diiided  into  aqaal  parU. 

Thli  mode  of  gradaalioD  u  capable  of  ElTing   reaalU   accnraU 

■nangb  fur  common  nu,  bclwetn  boiling  aad  freetint;,  itj  wiU  ' 

degree  on  FKbnnbcil'g  uale.    But  above  aad  below  (bets  p' 

litU*  reliaaco  cao  be  placed  on  it,  aod  at  low  and  high  tempera 

ronraon    thermomelan  irill   be  ohHTTed    to  Tai;   often   h' 

BoBia  tbannomewri  haTs  tbBir  gradnaud  HoodeD  toppoFt  divided 
OMf  the  lownr  and  into  two  parte,  eonnccted  togclbar  bji  a  hinge, 


glaM  Uba  with  flaohjdrie  acid  in  a  manner  deiccibed  in  ;  &7T. 

T*«ta  of  a  Bood  theimometet. — In  order  to  ascertai 
whether  a  thermiimeter  is  correct  or  not,  it  U  Bret  plunged 
into  meltiDg  ice,  and  tben  into  boiling  water;  the  level  iit 
the  mercar;  ehuuld  indicate  upon  the  scBiIo  exoL'tly  32°,  and 
212°  F.  When  inverted,  the  mercury  ehuuld  Tall  vrilh  a 
aadden  click,  and  fill  the  tuba,  thus  ehun-ing  the  perfect 
eiulusioa  of  air. 


■light  jerk  it  given  to  the  tharmometer,  b;  wbich  a  little  cjlinder 
of  merenr;  ii  delafbed  rrom  tba  column.     On  moving  the  little 
•nlnmn  throngh  the  tabs,  it  ahaBld  oeirDpjf  eqna]   ipacet  In  all    I 
parli.  If  the  bore  ii  perfeetl;  accnrale,  and  tha  teal*  li  propeiljr 
gradualed. 

SenalbUltr  of  tbsnnometers.— The  neDaibilily  of  a  J 
thermometer  ie  of  two  kindii ;  it  may  indicate  very  small  ' 
difftrenea,  or  it  may  be  very  nensitive  to  sudden  ekangt*  Q 
3f  temperalare. 

If  the  eapaeily  of  tba  rMarvolr  l>  large,  compared  with  the  bore  of  the  tob^ 
a  (light  ebange  of  temperature  will  iBect,  cooiidarabij,  the  height  of  the  mer- 
rarial  aalomn.  If  tbe  capacit;  of  the  reiervoir  ii  imall,  and  the  glaaa  bnib 
thin,  the  mereirr  eoDlained  in  il  will  be  »urc  rapidlji  atTeeied  than  if  a  larger 
aaiooflt  wore  l«  be  acted  npvn.  A  rylinilrival  rcHrrnir  il,  thanfore,  better  than 
a  ipberical  one,  bocanne  it  aapcwe*  a  larger  >urriu-r. 

The  two  kinde  of  Kniibllitj  iD<lir*le<l.  arc  ubieinod  In  a  Ihertnomeler  which 

573.  DUplacement  of  tha  «aro  point. — One  eource  of  error  in  the 
raereurial  thermumeter  ie  found  io  tbe  displacement  of  the  lero  point 
by  ebangOB  sulMnqiieot  to  graduation.     If  ■  thermometer  irhioh  hae 
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been  made  Aome  time  is  thrust  into  melting  ice,  the  oolumo  of  mereury 
will  not  sink  to  the  original  freezing  point,  but  will  remain  at  a  distaooe 
above  it,  sometimes  as  much  as  two  or  three  degrees,  and  even  more. 

Mr.  Legrand  baa  found  that  the  cause  of  this  change  is,  that  the  capacity  of 
the  reservoir  is  enlarged  at  a  high  temperature  (as  daring  the  eunstraction  of 
the  thermometer),  and  that  it  does  not  return  to  its  original  dimenaioDS  antil 
after  a  long  time,  sometimes  not  until  after  two  or  three  years. 

The  effect  is  also  supposed  to  arise  from  the  pressure  of  the  atmosphere  upon 
Uie  bulb,  which,  when  not  truly  spherical,  seems  to  yield  slightly  aod  in  a  gradual 
manner. 

This  defect  may  be  avoided  by  giving  the  bulb  a  certain  thiekoess.  Mr. 
Crichton's  thermometers,  of  which  the  freesing  point  has  not  altered  in  forty 
years,  were  all  made  of  unusually  thick  glass. 

Befjre  making  important  observations,  therefore,  thermometers  should  be 
examined  as  to  the  posititwi  of  their  freezing  point. 

574.  Limits  of  the  mercurial  thermometer. — Mercary  is  bj  far 
the  most  available  tliermometric  fluid.  It  may  easily  be  obtained  pure ; 
it  does  not  adiicre  to  the  sides  of  the  tube,  and  above  all,  it  has  a  greater 
range  of  temperature,  between  its  freezing  and  boiling  pointa,  than  any 
other  liquid;  freezing  at  — 39^*2,  and  boiling  at  662**  F.  Between 
these  two  points,  its  expansion  for  equal  increments  of  heat  is  ?ery 
regular,  excepting  near  its  freezing  point.  Owing  to  this  last  irreg^u- 
larity,  mercurial  thermometers  cannot  be  accurately  used  for  tempera- 
tures lower  than  —  31°,  or  —  35°  C.  Al>ove  the  boiling  point  of 
mercury,  heat  is  measured  by  instruments  called  pyrometers.  For  very 
low  temperatures,  spirit  of  wine  thermometers  are  usually  employed. 

575.  Spirit  thermometera;  other  liquid  thermometexB.—Aloohol 
has  never  been  frozen,  lind  is,  therefore,  generally  employed  for  the 
estimation  of  low  temperatures. 

Thermometer  tubes  are  filled  with  alcohol  (which  is  generally  colored  red) 
by  heating  the  bulb,  with  the  open  end  of  the  tube  thrust  into  alcohol,  aod  com- 
pleting the  process  in  the  manner  alrea^ly  indicated  (568).  The  tube  is  graduated 
by  comparison  with  an  accurate  mercurial  thermometer,  exposing  both  to  the 
same  temperature,  and  marking,  successively,  upon  the  alcoholio  thermometer, 
the  temperatures  indicated  by  the  mercurial  thermometer  as  they  are  gradually 
heated.  The  alcoholic  thermometer  should  not  be  divided  into  equal  parts 
between  the  freezing  point  of  water  and  its  boiling  point,  because  it  expands 
unequally  for  equal  increments  of  heat.  Alcoholic  thermometers  often  differ 
much  from  each  other,  because  there  is  great  diflScnlty  in  obtaining  aloohol  per- 
fectly pure,  or  of  exactly  the  same  degree  of  concentratioa. 

Cnpt  Parry,  in  his  arctic  voyages  (whose  experience  wav  oonflrmed  by  Hr. 
Kane,  Arct.  Exp.  IL,  405),  found  a  difference  of  18°  F.  between  alcoholi'9 
thermometers  constructed  h?  the  most  celebrated  makers;  and  a  differenoe  of 
\A°  F.  has  been  observed  even  at  a  t«mperature  of  only  15°  or  20®  F.  In  on- 
lequenco  of  this,  other  liquids  have  been  proposed  for  thermometers,  intended  to 
mdicate  low  temperatures.     From  the  oxporiments  of  M.  Pierre,  of  all  lipoids* 


HEAT. 


403 


ordiitary  sulphuric  ether,  chlorid  of  ethyle,  and  bromid  of  luethyle,  were  found  to 
be  best  adapted  for  such  iDstruments. 

It  is  plain  from  these  statements  that  a  more  accurate  mode  of  measuring  lo^ 
tnnperatares  is  one  of  the  desiderata  of  science. 

576.  Defects  inherent  in  mercurial  thermometera. — Besides 
thoHe  sources  of  error  in  this  instrument  already  noticed,  there  are 
others  inherent  in  the  nature  of  the  materials  employed. 

As  glass  and  mercury  expand  unequally  by  heat,  it  is  plain  that  we 
read  in  the  mercurial  column  not  the  absolute  expansion  of  the 
mercury,  but  the  difference  between  its  expansion  and  that  of  the  glass. 
If  they  expanded  equally,  no  movement  of  the  mercurial  column  would 
be  perceived,  and  if  the  glass  expanded  more  than  the  mercury,  the 
latter  would  appear  to  fall  when  the  temperature  rose.  But  as  in  fact 
the  mercury  expands  about  seven  times  ns  much  as  glass,  the  apparent 
expansion  of  the  metal  in  glass  is  about  one-seventh  less  than  its 
absolute  expansion. 

Again,  it  is  proved  that  the  expansion  of  mercury  for  equal  incre- 
ments of  heat  is  not  absolutely  equal,  but  increases  slightly  with  the 
temperature.  At  temperatures  between  freezing  and  boiling,  this 
increase  is  very  slight,  and  may  be  disregarded,  since  the  division  of  this 
distance  into  parts  of  equal  length  gives  the  degrees  a  mean  length, 
slightly  in  excess  for  the  degrees  near  freezing,  and  as  much  too  shor^ 
for  those  near  the  boiling  point,  but  exact  for  the  intermediate  degrees. 
But  above  the  boiling  point  the  error  is  more  serious,  since  while  the 
degrees  have  the  same  length,  the  space  occupied  by  a  unit  of  mer- 
cury is  constantly  increasing,  consequently  the  degrees  become  too 
short,  and  the  thermometer  reads  too  high  a  temperature.  For  the 
same  reason,  below  the  freezing  point,  the  thermometer  constantly 
indicates  a  temperature  higher  than  the  true  temperature. 

The  error  here  pointed  out  could  be  easily  allowed  for  in  the  gradua- 
tion ;  the  coefficient  of  expansion  of  mercury  for  various  temperatures 
being  known.  But  this  correction  is  rendered  almost  impossible,  from 
the  fact  that  the  rate  of  expansion  of  the  glass  is  found  not  only  to 
increase  about  as  rapidly  as  that  of  the  mercury  (and  sometimes  even 
more  so),  but  to  render  the  case  yet  more  difficult,  it  is  found  that  glass  of 
different  kinds  varies  in  its  rate  of  expansion,  and  the  same  glass  under 
different  conditions  may  also  vary. 

Regnault,  to  whom  we  are  indebted  for  these  datn,  has  illustrated 
die  facts  by  a  series  of  observations,  the  results  of  which  are  shown 
in  the  following  table. 

lie  has  shown  that  the  air  thermometer  may  be  relied  on  as 
giving  results  almost  invariable  and  exact.  His  form  of  this  instru- 
ment  is  described  at  length  in  bis  memoir  before  quoted  (p.  220). 
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OOMPARIBON  OP  DIFPBRBITT  THBRXOMBTIBS  (CBlTTIttRADB  DB9Bnil). 


Air  ThermomeMr. 

Tma  T«mper»- 

tar«. 

Thernioin«t«r 
without  Olwu. 

ThenBftin«t«r, 

Fliat-glMI. 

Th«r0ioa»«t«r, 

OMA«lntir  ^ 

o 
0 

o 
0 

o 
0 

o 
0 

o-oeoiTM 

5000 

49-65 

60*30 

0^00  ISlft 

100-00 

100-00 

10000 

100-00 

0-900  1S3S 

120-00 

120-33 

120-12 

119-96 

0-090  18M 

14000 

140-78 

140-29 

139-85 

0-000  18M 

160-00 

161-33 

160-52 

159-74 

0  000  1870 

180-00 

182-00 

180-80 

179-63 

0  000  1880 

200-00 

202-78 

201-25 

19970 

0-000  1890 

22000 

223-67 

221-82 

21980 

0-000  1001 

24000 

244-67 

242-55 

239-90 

0-000  1911 

246-30 

246-30 

260-00 

265-78 

263-44 

260-20 

0-000  1931 

280  00 

287-00 

284-48 

28052 

0-000  1931 

30000 

308-34 

305-72 

301-08 

0-000  1941 

320-00 

329-79 

327-25 

321-80 

0-000  1951 

340-00 

351-34 

349-30 

343  00 

0-000  1963 

The  temperatures  indicated  by  an  air  thermometer,  recorded  in  the  flrtt 
oolumn,  were  taken  as  a  standard,  and  are  very  near  the  truth.  The  leeond 
column  gives  the  temperatures  which  would  be  shown  by  a  merenrial  oolnmn 
graduated  in  the  ordinary  way,  assuming  the  glass  to  be  without  expanrion, 
thus  showing  the  errors  attributable  only  to  the  varying  rate  of  expansion  in  thai 
metal.  In  the  third  and  fourth  columns  are  given  the  comparative  temperB- 
tures  shown  by  thermometers  of  flint  and  crown  glass  respectively,  showing  the 
discrepancies  duo  to  differences  of  material.  The  rapidity  with  which  the  rate 
of  expansion  in  the  mercury  increases  with  the  temperature  is  shown  by  ooloma 
fifth. 

At  and  between  the  fixed  points  of  O**  and  100®  a  perfect  accord  was  obserrady 
the  small  differences  there  existing  being  distributed  among  all  the  degreei. 
Above  100°,  hu\rever,  it  will  be  seen  the  differences  between  the  true  tempera- 
tures and  the  several  thermometers  are  more  and  more  sensible;  and  most 
conspicuous  in  the  thermometer  without  glass.  The  effect  of  the  expansion  of 
the  flint-glass  is  seen  to  be  approximately  to  correct  the  expansion  of  the 
mercury.  The  crown-glass  thermometer,  owing  to  the  peculiar  rate  of  expan- 
sion  in  crown-glass,  is  seen  to  march  very  closely  with  the  true  temperature 
up  to  240^-30,  where  the  coincidence  is  perfect.  Above  that  point  the  differences 
increase,  until  at  340^*,  the  error  is  thri^  degrees.  A  thermometer  of  crown-glan 
is  plainly  to  be  preferred  for  accuracy  over  one  of  flint-glass. 

The  facts  embodied  in  this  table  are  made  conspicuous  by  a  geometrical 
construction,*  fig.  445,  in  which  the  figures  on  the  horizontal  line  (or  axis  of 
ordinate.^)  stand  for  the  tempcraturefi  of  an  air  thermometer  assumed  as  invaria- 
ble, and  thoi(o  on  the  vortical  line  (or  axis  of  abscitisas).  for  the  differences  found 
between  the  air  thermometer  and  various  mercurial  thermometers.  The  rariatioB 
of  the  theoretical  thermometer,  without  glass,  from  the  true  temperature,  is  leeo 


*  Cook's  Chemical  Physics. 


I  5TT.  Standard  tbennometOT. — Tbe  uaBvuidahle  defects 
the  mercurial  thermometer,  juat  puiuled  out, 
inatrumants  greatly  eximigerated  b;  ercura 
StBadsnl  thermumeteM  fur  scientific  purptises  are  uoDstructed 
nilh  a  scale  eugrnved  iu  the  glaas,  as  in  fig.  4-16.  Tbe  divisinDB 
of  tbis  scale  liru  mnrked  bj  a  dividiog  eugiuc  on  the  surface  of 
A  cohering  uf  varniah,  with  wbieb  the  lube  ia  coaled  prepitratorj 
to  etching.  As  on  calibre  h  nbiulutelj  uaifurin  in  any  gliws 
tube  for  a  caDHiderable  length,  the  value  of  tbe  calibre  fur  every 
part  uf  tbe  tube  is  eiaetly  measured  by  a  cylinder  of  mercury 
drawQ  iu  at  one  eod  of  the  open  tube,  and  taken  so  short  that 
errtir  in  the  length  ebusen  may  be  disregarded.  This  cylinder 
of  mercury  is  then  gradually  moved  fnim  end  lu  end  of  the  tube 
bj  tbe  force  of  air  from  a  gum  elastic  buttle,  dividing  the  tube 
{dIo  IcDgtha  equal  to  the  successive  lengths  of  the  mercury 
column.  The  position  of  these  succcKsive  points  is  marked,  and 
each  of  these  divlaions  U  then  subdivided  by  tbe  engine  into  an 
equal  number  of  decrees ;  varying  in  length,  of  course,  in  propoi^ 
tioa  to  the  lengths  of  the  aeveral  cardinal  divisions.  These  gra- 
tiona  are  then  etched  into  the  jilass  by  exposing  it  to  tbe 
ir  of  Suohydric  acid.  This  graduuted  tulie  is  then  giililereil 
'lO  a  cylindrical  reservoir  prepared  of  a  siie  proportioned  tii  the 
diameter  uf  the  tnbe,  and  the  destined  range  of  the  thermometer. 
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empty,  and  also  whon  oontaining  a  column  of  mercury  of  an  obserred  length.  We 

thus  learn  the  weight  of  mercury,  tr,  occupying  n  degrees  of  the  tube.     Fiom  tbia 

w 
we  obtain  JV-,  the  wtight  of  mercury  which  will  fill  N  divisions  of  the  tube, 

and  by  (99),  we  know  the  corresponding  volume  =■  *V— — — rr—..     Bat  this 

M  {Sp*  Gr.) 

Tolume  represents  the  expansion  which  the  mercury  in  the  resenroir  of  the  pro- 

posed  thermometer  must  undergo  when  heated  from  0**  to  100^  C.    Now  the 

apparent  expansion  of  mercury  under  these  conditions  if  known  to  be  g^  of  its 

Tolume  at  0°.    Representing,  then,  by  Kthe  unknown  rolnme  of  the  reeenroir, 

we  shall  have:     -  =  i^ —-——---,  and  F  =»  65  JV^ — 7-";r-'     If  tha  r^er- 

65  n  (Sp.  Or.)  n  {Sp,  Or,) 

voir  is  spherical,    K  =  ^nU^,  from   which  we  can  calculate  the  required 

diameter.     If  it  is  cylindrical,  V  ==  ^H  D^k,  from  which  the  approximate  langth 

of  h  is  calculated  when  the  diameter  is  given. 

The  thermometer  thud  graduated  is  filled,  and  the  fixed  points  marked  as  already 

described  (568).    Its  scale,  of  course,  is  arbitrary,  and  may  be  reduced  oy  calcu- 

lation  to  the  Centigrade  or  any  other  scale.    Observation  determines  the  number 

of  divisions  between  freezing  and  boiling,  which  we  call  N,  and  also  the  point  on 

the  arbitrary  scale,  corresponding  to  the  freezing  point  (0°  C).  Call  the  number  of 

divisions  below  this  point  f^°,  the  degrees  centigrade  C°,  and  those  of  the  arbitrary 

100 
scale  A°.    We  then  have,  N=  100,  and  C=  —  (A^  —  d°).  Suppose  there  are 

y  I 

379  divisions  on  the  arbitrary  scale  between  the  fixed  points,  and  the  fireesiog 

point  is  the  147th  division  from  the  bottom,  and  it  is  required  to  know  to  what 

temperature  the  303d  division  corresponds  in  Centigrade  degrees,  we  shall  have 

C  =  ^fg  (303—  U7)  =  4M6.     Every  such  thermometer  has,  of  course,  iU 

own  equation  ;  a  table  is  readily  calculated  for  its  convenient  use. 

Every  good  standard  has  both  the  boiling  and  freezing  points  included  in  its 
range.  The  cavity  a,  fig.  446,  is  designed  to  allow  for  any  sudden  expansion 
of  the  mercury  above  the  limit  of  the  scale,  to  avoid  the  fracture  of  the  instru- 
ment Similar  expansions  are  often  introduced  at  particular  points  on  the  stem, 
to  avoid  undue  length  in  the  ittem  when  a  long  range  is  required.  The  whole 
scale  in  this  case  is  distributed  between  several  thermometers,  and  the  swellings 
so  placed  as  to  cover  in  each  cane  the  range  of  the  preceding  instrument.  It  is 
thus  possible  to  divide  each  Centigrade  degree  into  twenty  or  more  parta. 

In  accurate  observation,  the  whole  instrument  should  be  immersed  in  the 
medium  whoso  temperature  we  seek,  but  when  this  is  not  possible,  a  eorreotion 
may  be  calculated  by  a  formula  which  our  space  requires  us  to  omit.  (See 
Cooke's  Chemical  Physics,  p.  444.) 

II.     SELF- REGISTERING  THERMOMETERS. 

578.  Mazimum  and  minimam  thermometers. — It  is  often  desir 
able  to  ascertiiin,  in  the  absence  of  an  observer,  the  highent  and  lowest 
temperature  of  the  night,  or  of  any  other  interval  of  time.  This  maj 
be  done  by  the  employment  of  what  are  called  maximum  and  minimum, 
or  self-registering  thermometers.  One  of  the  most  simple  instruments 
of  this  kind  was  invented  by  Rutherford,  and  is  represented  in  fi|;. 
447. 
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(«.)  Rntherford'a  maTrlmnm  and  minimum  thermometer  conf  Uti 
•f  Iwo  thermometon  attached  to  a  plate  of  glaai,  or  to  wood ;  their  tubea  ara 

447 


bent  at  right  angles,  near  the  balbi.  The  maximum  thermometer,  A,  contain! 
marenry ;  the  minimum  thermometer,  B,  contains  alcohoL  In  the  tnbe  of  the 
former  is  a  small  piece  of  steel  (seen  at  A) ;  when  the  mercury  expands,  it 
poshes  the  steel  before  it^  but  when  the  fluid  recedes  toward  the  bulb,  the  wire 
doee  not  follow  it.  The  steel  is  thus  left  at  the  extreme  point  to  which  the 
mercury  may  hare  morcd  it,  and  indicates  the  highest,  or  maximum  tempera- 
tare,  to  which  it  has  been  exposed.  The  alcoholic  thermometer  contains  a  small 
piece  of  enamel  (seen  at  B),  sunk  below  the  surface  of  the  liquid.  The  position 
of  the  enamel  is  not  affected  by  expansion,  because  the  alcohol  readily  passes  it ; 
but  by  contraction  it  is  drawn  back  with  the  column  of  alcohol,  by  the  cohesire 
attraction  of  the  particles  of  liquid  at  the  surface  of  the  column.  Thus  the 
•namel  is  left  at  the  lowest  point  to  which  the  column  has  retreated,  and  repre- 
sents, therefore,  the  minimum  temperature  which  has  occurred. 

(6.)  Negretti  and  Zambra*a  maximum  thermometer. — A  slight 
agitation  given  to  Rutherford's  maximum  thermometer  will  often  cause 
the  steel  index  to  become  immersed  in  the  mercury,  which,  upon  ex- 
pansion, will  pass  by  the  steel,  and  thus  the  instrument  will  fail  to 
fulfill  the  purpose  for  which  it  was  designed.  This  source  of  error  is 
avoided  in  the  use  of  Negretti  and  Zam bra's  instrument,  fig.  448. 
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A  small  rod  of  glass,  a  6,  is  introduced  into  the  thermometer  tube,  which  la 
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banl  Ju»t  kbor*  th«  poii 
Df  the  tuba.  Wbea  ia  n 
nry.bjeipwdiiig,  Willi 


irhcn  tbs  rod  ia  plucd ;  th*  rod  n*ulj  UU  th* 
iQ  JD  nse,  tlia  ImtniDiaiit  ii  niipuidad  boHiinitall;.  Th* 
;,  will  force  ita  waj  pait  tha  ob«lrDC(ioii|  to  tha  point  e  hr 
npanturs  falls,  and  tha  meccurr  eoDtncIa,  tha  oobMUB 
cut;  to  eub  oibar  will  prettnt  tha  aulDtan  from  ptniiif 
I;  of  the  catumn,  e,  will  tberefon  iodiesta  the  bigbtat 
the  iDBtnimaDt  faai  been  elpoied.  It  bu  been  obHirtd 
tmineDC  tbe  mercurr  doei  not  mora  ataadilj,  bnt  bj  jatb: 


izlm 


1  tiMnnoiiieter. — Tha   upper  p«rt  of 


ntaiDB  mramitj.    a 
ted,  whenbj  tfaa  I  j 
reserroir ;    *i(l     J]  \ 
tube  thus  ■^.      fl  I" 


The  I 


;.  449,  termi 
orifiue,  il  iuiroundcd   \iy  s  reserToir  irbich  oontaiDB 
When  the  iiiHtrument  ii  to  be  uaed,  it  is  first  he»t«d,  wherebj  the 
mercury  tIms  in  the  tube  and  flows 

it  is  then  inverted.  The  elongated  point  of  the  tube  thua 
dips  into  the  mercurj  of  tbn  reaerroir.  It  is  now  eipoaed, 
while  inverted,  to  a  lower  temperBture  than  tbe  one  to  be 
determined.  During  this  cooling,  the  tube  will  reni&in  full 
becauHe  its  point  dips  into  tha  reservoir  of  mercury.  The 
inBtrument  is  now  placed  in  its  proper  position,  uid  it  ia 
evident  that  as  the  temperature  riaea.  a  portion  of  mercnrj 
will  pass  out  of  the  full  tube  into  the  reservoir ;  and  this 
■jortluD  will  be  greater  as  the  temperature  is  higher. 

To  determine  afterwards  the  highest  temperature  to 
wliiuh  it  has  been  exposed,  it  is  compared  with  a  stand- 
ard thermometer.  Bulb  being  placed  in  a  water  bath, 
gradunllj  healed,  the  temperature  indicated  by  the  standard 
tliermumclcr  is  observed  when  the  mercurial  column  has 
risen  tu  the  top  of  the  tube  of  the  maximum  thermometer. 

579.  Metaatsitlc  thermometer. — Walferdin  bas  ap- 
plied the  aiimo  principle  U>  the  construction  of  a  ther- 
mometer designed  to  indicate  very  small  differences  of 
temperature.  In  this  instrument,  fig.  450,  the  rcAervoir, 
and  calibre  of  the  tube  are  very  amall,  so  that  tbe  instru- 
ment is  extremely  seoHitivc  to  small  changes  uf  tempera- 


cftpilliLry  tube   Buddenlj  c^ 


b  npreseula  s  rer;  huH 


580.  Biegaet's  metallic  thennometar. — This  instrument,  remark- 
able for  the  extreme  scnnitiveDeBs  of  he  iiidiiratiunB,  depends  upon  the 
unequal  expansion  of  diBerent  melals;  it  is  reprccent^J  in  Gg.  451. 

Strip!  at  platianm,  gold,  uiil  ailTCT,  aflct  being  loldenid  togolfaor  (bcuugh- 
onl  ihnr  whole  lingtb,  us  rolled  into  >  Ifaio  ribbon,  tbt 

nniit;  at  tbia  belix  U  Biod   lo 
kDtl  lo  tha  lower  end,  M  rigbt  mglea  lo  il, 
■  needle,  moring  orer  ■  gradutted  oircle, 
tbi)  diftl  of  k  wsifb.     Tbe  lilvor,  wbicb  it  tl 
pMiiible  at  tbe  tbree  metuli,  farma  the  inaui 
faelii  1   the  pletinam,  wbicb    ia    Iha   leul  eipufible, 
forma  tbe  outer  bcs,  and  tbe  gold,  wbicb 
mediatif  eipuiaibilltj,  ii  ineliided  be- 
twna  ttaeDi,aiid  moderaUi  ibBireffect*. 
When  the  temporalure  riaea,  the  ailrer, 

nnroll*  tba  b< 
takaa  piece  ■ 
lowerwL     Tbi 
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hull],  lo  the  lowest  temperature  allKiDed.  Tbia  iDatrument  hu  bent 
eatae  yunts  in  aeo  fur  deep  sea  nnundings,  with  the  beat  recolta.  A 
vmull  correutioD  iu  the  readings  is  mails  (not  eiueediog  one  degree 
for  600  fathoma)  pniportioaale  ta  the  depth  of  ihe  aoiiDding. 

The  term  pyrometer  is  aometimes  applied  to  ineirumonta  intended  to 
measure  changes  of  dimensioos  ia  bodies  at  tow  temperalureg  by  the 
expajiBiun  of  wilid  niUs  ;  auch  ia: — 

5B2.  Saxton'a  refleotlng  pyiometet. — In  the  meaeurement  of  the 
base  lines  of  the  larger  triangles,  in  the  Hurre;  uf  the  cotut  of  the  U.  S„ 
the  greateat  acuu  raoj  ia  reijuirod.  These  lines  are  sometimea  fortj  or  fifty 
miles  in  length.  An  inmrument  conatruotad  bj  Saiton,  under  the  direc- 
tion of  Prof.  Bauhe,  acouniplishes  this  object  perfectly. 

TliB  ntUDriag  rudi  ara  aompoaDd  b*r>  or  iron  aod  bnua,  so  propDrtionBd  \a 
their  croBi  acotion  an  to  equaliie  tBeli  dlffgronoeii  of  spsciBc  beal  bdcI  londaslj. 

an  inrarlBblc  length.     To  Terif;  Ibeie  burs,  the  endl  lie  brought  into  «tDlH( 

□r*  DDmpDUDd  lever;  having  at  the  other  cad  a  rotaiing  mirror.  Any  ruialion 
of  ieogtb  in  Cbo  bv,  bj  obaagihg  the  angutu-  poailiaa  of  tbe  mirror,  gint  evi- 
denoe  of  lbs  obange  to  an  obierrer,  when  eje  ia  placed  at  ■  teleaeopn  direolod 
lowuds  the  mirror,  in  which  the  one  Iwcnij-Bre  Ibonaandth  of  an  Inch  on  a 
■cale  ii  DiigDifled  into  a  nnit  of  graduiifoD,  aboiil  ane-fonrdi  of  ao  inch  long, 
froffi  nliif^h  the  oaa  hnndred-tboaiaodth  at  ui  iocb.  or  iboni  one  faur-milliaDlli 
of  ■  nicCn  ii  eaill;  read.  If  deFirahle,  tbii  degree  of  minnlenoai  might  be 
groatlj  inoreaeed.  Thii  simple  and  btmulinil  cnnlrivanw  ha«  luperwded  all 
raethodi  previously  known  for  verifying  rod<  of  any  length.  It  it  eeniibl; 
uSeftdd  )u  ban  ill  melrea  long,  by  ehuigei  of  tetopcralure  otbonrue  qnila 
inappreelabte.  and  It  tben  b«come>  the  moit  lensilivo  of  Ibcrmumstera.     TLii 

583.  WedgBiToad'B  pyrometer. — The  range  of  the  loercarial  tfaer- 
moraeter  is  limited  by  the  boiling  fioinl  uf  mercury  ;  higher  tempera- 
turea  are  mcn-sured  by  the  effects  of  hcnt  upon  sulids  with  instrumenU 
called  pyrometers. 

The  celebrated  English  potter.  Wedgenood,  <DT«Dl«d  Ihe  Brat  pyromoler  Died, 
foDuded  npon  the  controciiott  which  elay  nndergnea  when  eipoud  la  high 
temperatures.  He  assumed  this  eontraolinn  to  be  a>  much  greater  as  the 
temperataro  was  blgher.  The  results  obtained  with  Ibis  inilrumeat  are.  bow. 
eT«r,  inaccurate,  as  it  is  now  known  that  the  eontraoliuo  wbicb  clay  nndeigwii 
depends  rather  on  the  duration  than  on  the  intcniiLy  uf  the  best,  and  is  nach 
nodiBed  by  the  piirtieular  sort  of  clay  employed. 

3R4.  Dantell's  pyTi>inetaT  ia  an  inBtrumenC  capable  of  exact  niea- 
Nurenients  of  high  (em|icnitures  by  Ihe  expansion  nf  s  bar  uf  platiauin 
en;;Q8ed  in  a  iheath  of  black  lead.  The  bar  and  its  case  arc  adjuated 
both  before  and  after  tbe  experiment  to  n  meoeure  which  indicate*  on 
a  graduated  arc  the  degree  of  expansion.  The  degrees  of  temperature 
are  then  calculated  from  the  known  rate  of  opansiou  of  platinum. 
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585.  Draper's  pyrometer. — This  instrumeDt  registers  its  results  by 
ibe  expansion  of  a  little  strip  of  platinum,  heated  (in  free  air)  by  a 
measured  current  of  voltaic  electricity. 

The  platinum  strip  is  connected  with  the  short  end  of  a  lever,  whose  longer 
limh  marks  npon  a  graduated  arc  the  degree  of  expansion.  With  this  delicate 
instniment,  Prof  Draper  condncted  a  series  of  experiments  npon  the  tempera- 
tares  at  which  bodies  become  risiblj  red,  in  the  dark  and  in  diffused  light,  the 
temperatures  being  determined  from  the  coefficient  of  expansion  in  the  several 
metals.    (Am.  Jour.  Soi.  [2]  lY.  388.) 

586.  BBtimation  of  very  high  temperatures. — According  to  Bun- 
sen's  calculations  (Qasometry,  p.  236-243),  the  temperature  of  a  hydrogen 
flame  burning  in  free  air  is  3259''  C.  (=  5898""  F.),  and  of  olefiant  gas 
5413''  C.  (=  9775''  F.).  Since  it  is  probable  that  at  high  temperatures 
the  radiating  power  of  a  body  for  heat  is  proportional  to  its  radiating 
power  for  light,  we  are  in  possession  of  the  means  of  comparing  the 
intensity  of  glow  of  a  coil  of  platinum  heated  in  a  furnace,  or  in  a 
stream  of  lava,  with  the  glow  from  a  like  coil  heated  in  a  flame  of 
known  temperature,  and  thus  approximately  of  estimating  the  tern 
perature  of  a  furnace  or  of  a  volcano. 

IV.    THBRMOSCOPES. 

587.  Thermoscopes. — This  name  (from  OippLi^,  temperature,  and 
ffxoiziap,  to  see)  is  applied  to  a  class  of  instruments  designed  to  indicate 
small  differences  of  temperature,  and  not  to  measure  them  in  degrees. 

Air  thermometera. — As  fur  contracts  and  expands  uniformly  and 
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qoickly,  it  is  often  used  where  slight  and  sudden 
Tariations  of  temperature  are  to  be  observed.  The 
contractions  and  expansions  which  it  undergoes, 
are  rendered  visible  by  the  movements  that  it 
causes  in  liquids.  Such  instruments  are  often 
called  air  thermometers,  but  are  not  to  be  con- 
founded with  the  form  of  air  thermometer  described 
by  Regnault,  which  is  the  most  accurate  measure 
of  temperature  yet  made  known.  The  results  in 
the  first  column  in  the  table  on  p.  404  were 
obtained  by  the  air  thermometer  here  alluded  to, 
aome  notice  of  which  will  be  found  in  the  section 
en  expansion. 

The  simplest  air  thermometer  is  that  represented  by 
fig.  462,  and  is  often  called  the  thermometer  of  8anc- 
torius,  an  Italian  philosopher  of  the  17th  century.  It  is  a  bulbed  tube,  filled 
with  air,  baring  for  an  index  a  drop  of  colored  liquid  in  the  stem  at  A.  The 
moTements  of  the  index  show  the  variations  of  temperature.  Another  form  of 
tha  »4iD«  insirament  is  represented  by  fig  453.    The  extremity  of  the  tube  rests 
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fa  the  colored  liquid  contained  in  the  open  tomcI.     If  the  bulb  is  heated,  the 
liquid  fnlla  in  the  tube,  and  rises  if,  the  bulb  is  cooled. 

Amontons'  thermometer,  fig^.  464,  is  essentially  the  same  as  the  taut;  the 
bulb,  C,  is  partially  filled  with  colored  liquid.  Expansion  of  the  air  contained 
in  the  upper  part  of  the  bulb,  C,  causes  the  liquid  to 
rise  in  the  tube  A  B. 

These  instruments  are  necessarily  imperfect,  owing  to 
Kbe  varying  pressure  of  the  atmosphere,  and  they  serve 
only  as  means  for  the  illustration  of  principles  in  the 
class-room.  4^4 

(a.)  Leslie's  differential  thermo- 
meter.— This  instrument,  fig.  455, 
fivoids  the  objection  to  the  open  air 
thermometer.  It  was  ased  by  Leslie 
m  his  experiments  on  radiant  heat, 
and  consists  of  a  two-bulbed  tube  filled 
with  air,  bent  twice  at  right  angles.  It 
contains  a  column  of  sulphuric  acid  in 
the  stem,  which  stands  at  the  same 
height,  if  both  bulbs  are  equally  heated,  but  if  one  is  heated  more  than 
the  other,  the  difference  is  seen  in  the  unequal  height  of  the  two  colamne 
as  shown  in  the  figure. 

(6.)  Howard's  differential  thermometer,  fig.  456,  contains  ether, 
and  the  vapor  of  ether,  in      456  457 

place  of  common  air.  It 
is  by  far  the  most  sensitive 
instrument  of  its  class.  It 
was  invented  by  Professor 
Howard,  of  Baltimore,  in 
1819. 

(c.)  Romford's  thermo- 
scope,  fig.  457,  is  an  instru- 
ment resembling  Leslie's, 
and  like  it,  contains  air.  The  horisontal  tabe  is  longer,  and  the  bolbc 
larger,  than  in  Leslie's,  and  a  short  column  of  sulphuric  acid,  «,  sepa- 
rates the  two  masses  of  air,  and  by  its  motion  over  a  scale  of  eqnul 
parts,  serves  to  indicate  differences  of  temperature. 

588.  Thermo-multiplier. — By  far  the  most  delicate  of  all  means  of 
measuring  small  variations  in  temperature,  is  the  thermo-multiplier,  or 
thermo-electric  pile  of  Nobili  and  Melloni.  Its  indications  depend  on 
the  production  of  electric  currents  by  small  changes  of  temperature. 
It  was  with  this  instrument  that  Melloni  conducted  the  remarkable 
series  of  researches  on  the  transmission  and  radiation  of  heat  which 
are  noticed  in  their  appropriate  place,  farther  on. 


■t  the  enA,  B.  ih  lieated  hj  the  finme  uf  an  alcoliul  lamp.  Tbe  expan- 
aion  is  nhuwn  h;  llie  movement  or  llic  index,  K,  over  the  graduated 
»Tc,  occasioned  bj  the  pressure  of  the  Tore  end  of  the  rod  nguiiiKt  the 
•hort  end  of  llie  index.  At  the  lie^finmng  of  the  experiment,  the  rod 
A  is  adJDBled  hj  the  screw  B,  $o  thai  the  iadei  etando  at  xero;  as  the 
rod  coola  the  index  returns,  ftods  of  various  neuiH  and  allujR  rony  b« 
Died  for  coroparisun.  Such  an  inatriiment  ie  called  a  p^ram«/rr ,-  bal 
it  baa  no  Bcientific  value,  being  replaced  I;  instruments  of  far  greater 
delicacy.  Those  named  in  H  5S2,  5S4,  and  58S  are  examples  i>f  the 
aocurale  application  uf  linear  expansioo  of  solids  for  the  exact  admsEis- 
arement  of  ohangea  of  temperature. 

590,  Cabloal  expansion  in  Milids  miij  be  shoirii  hy  the  apparatus, 
fig.  m.     The  ring  of  metal,  m,  allows  tlie  46S 

ball  of  copper,  a.  merely  to  pana  throngli 
it  at  the  ordinary  temperature.  If  the 
ball  is  lieatcd,  it  expands  in  all  direc- 
tions, and  nlll  then  no  longer  patis 
thruo^h  tlie  ring,  but  rents  up(m  it,  as  is 
thuirn  in  tbe  figure.  .As  the  ball  cnols. 
it  gradually  returns  to  its  original  dinien- 
«i(m«,  and  again  passes  through  the  ring  | 
M  tiefore, 

Dilferent  solids  expand  unequally,  b 
\t  part,  uniriirnilj.  in  all  din 
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There  ure  some  exceptions  to  this  general  statement  Wood  expands  and 
contracts  more  in  the  breadth  of  its  fibrM  than  in  their  length ;  and,  when  it 
is  considerablj  heated,  it  contracts  permanently.  Clay  also  contracts  perma- 
nently by  heating,  and  becomes  vitrified;  new  chemical  componnds  being 
formed.  The  particles  of  had  slide  over  each  other  daring  expansion,  and  do 
not  retam  again  on  cooling  to  their  original  position.  Lead  pipes,  which  con- 
vey hot  water  or  steam,  become  permanently  elongated ;  and  Uie  leaden  lining! 
of  bath-tubs  and  cisterns,  which  receive  hot  water,  become  gathered  into  ridges 
from  this  cause. 

Relation  between  cubical  and  linear  expansion. — ^The  linear 

ai\,d  cubical  expansion  in  any  homogeneous  solid,  is  so  related,  thai, 

by  the  same  elevation  of  temperature,  its  length,  breadth,  and  depth 

will  be  increased  in  the  same  proportion.     Thus: — 

If  a  solid,  heated  to  a  certain  temperature,  increases  in  length  one  one-thon- 
sandth  of  its  original  length,  its  surface  increases  two  one-thonsandthi  of  its 
original  area,  and  its  volume,  three  one-thousandths  of  its  original  balk. 

This  theoretical  view  is  found  to  be  nearly,  bat  not  qaite,  tme,  in  ftMst* 

Expansion  of  crystals. — Crystals  of  the  monometrio  system 
(154,  a),  like  common  salt,  fluor  spar,  &c.,  expand  equally  in  all  direc- 
tions. In  this  system,  all  the  crystallogenic  axes  are  equal,  and  at 
right  angles  to  each  other.  In  crystals  of  all  other  systems,  the 
expansion  is  the  same  in  only  two  directions  (dimetric  system,  154,  6), 
or  it  is  different  in  all  three,  depending  upon  the  position  of  the 
crystallogenic  axes  to  each  other.  The  amount  of  expansion  in  some 
crystalline  compound  bodies,  e,  g.j  fluor  spar,  aragonite,  sulphate  of 
barytes,  quartz,  &o.,  is  found  to  be  greater  than  in  metals,  contrary  to 
the  generally-received  opinion. 

591.  Coefficient  of  expansion. — The  small  gain  in  length  in  a  rod 
1  foot  or  1  metre  long,  when  heated  from  32®  to  33*'  F.,  or  from  0*»  to  1® 
C,  is  called  its  coefiicient  of  linear  expansion. 

1.  Coefficient  oflbiear  expansion.  If  the  length  of  the  bar  is  2,  at  the 
temperature  of  32°,  its  length  at  33°  \%l  -\-  IK,  composed  of  its  original 
length,  2,  and  a  small  fraction,  IK,  variable  with  the  substance  experi- 
mented on. 

If  the  rod  is  carried  successively  through  the  scale  of  temperatarea,  it  gaiai, 
at  each  degree,  a  new  elongation,  which  experiments  show  to  be  nearly  eonstant^ 
and  equal  to  IK,  so  that  if  the  rod  is  elevated  from  32®  F.,  to  (  degrees  above 
32°  F.,  its  total  gain  in  length  is  expressed  by  /A7,  and  its  new  length,  l^  is 

I  4-  IKt,     or,  l^z^l{\-\.  Kt), 

At  any  other  temperature,  (', — this  expression  becomes.  If'  h  =:  1(1  -|>  K^),  and 
if  the  value  of  V  (any  temperature  above  32°),  is  sought  in  terms  of  /|^  we  write 
approxunately,  1/  =  it[i  -\-  K  {t'  —  t)]. 

The  coefficients  of  expansion  for  some  of  the  most  frequently  occur- 
ring solids  is  given  in  Table  III.,  in  terms  of  the  decimal  system. 

2.  The  coefficient  of  euperficial  erpan*ioHf  is  obtained  Arom  Uie  exprei- 
iioDS  for  linear  expansion,  by  substitnting  S  and  St  for  I  and  If ;  thai  >* 
.>     sc    S    (1 -|- 3  ATi),  wheie  2  JT  replaces  AT  in  the  formola  for  linens  expaaiioa. 
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S.  The  coefficient  of  cubic  txpanaionf  is  the  small  fraction  of  its  rolame, 
by  which  a  solid,  liquid,  or  gas  is  increased  when  heated  from  32*^  to  33®  F. 
Assuming  the  expansion  to  be  proportional  to  tcmperatare,  we  must  admit  the 
▼olttme  F  at  f  degrees  and  at  32  degrees  to  be  proportional  to  the  cubes  of  their 
homologous  dimensions.  By  the  same  reasoning  as  before,  we  have,  therefore, 
the  formula;  V  =  V  {I  -{-  3 Alt),  by  which  the  increased  volume  (  V)  of  any 
mass  of  matter  may  be  calculated  when  the  value  of  F,  f,  and  K  Lte  known. 

The  coefficient  of  cubic  expansion  may  also  be  determined  accurately  from 
the  specific  gravity  of  the  solid  taken  at  different  temperatures,  thus: — 

Let(Sp.  Qr,)  and  (Sp  Gr.)'  represent  the  specific  gravities  of  any  solid  at  the 
two  temperatures,  (  and  f ;  let  IF  be  the  weight  of  the  solid  under  trial.  Fits 
▼olume  at  32®,  and  K  the  co-efficient  to  be  found;  then,  since  by  the  last 
expression,  we  know  the  value  of  the  solid  at  t°  and  t'®,  F  (1  4-  3-^0>  '^^^ 

F(l  4-  3A«',)  we  have  from  J  99  {Sp.  Or.)  =  _-l-_,  and 


{Sp.   Or  J)  =  — — - — .  •     The  value  of  the  co-efficient  of  cubic  expansion, 

ifl  obtained  from  the  reduction  and  combination  of  these  two  equations 

m.            ^            C^;;.  Or,)  -  {Sp.  Or.y 
Thus :     A  = .« 

Z{Sp.  Or.ye  —  z{Sp.  Or.y 

This  coefficient  may  also  be  obtained  from  the  apparent  expansion  of  mercury. 

It  is  plain  that  all  questions  relating  to  the  expansion  of  solids,  may  be  solved 
by  these  expressions,  when  the  value  of  if  is  known ;  and  Uiat  this  quantity 
must  be  the  subject  of  exact  experimental  determination  in  each  solid.  Our 
limits  do  not  permit  the  description  of  the  various  means  by  which  the  linear 
expansion  of  solids  has  been  measured.  In  the  researches  of  Lavoisier  and 
Laplace,  a  bar  of  the  substance  under  examination  was  heated  in  a  water-bath. 
One  end  was  fixed,  the  other  free,  and  touched  the  end  of  a  lever,  acting  by  any 
expansion  of  the  bar,  and  causing  a  movement  observed  in  a  telescope  attached 
to  the  lever,  as  already  described  in  |  582.  The  expansions,  from  32®  to  212®, 
were  thus  read  off  upon  a  scale  placed  at  a  proper  distance. 

The  capacity  of  hollow  vessels  is  increased  by  the  expan- 
sion of  their  inralls.  to  the  same  amoant  which  a  solid  mass  of  the 
same  material  and  yolame  would  expand  by  a  like  change  of  tempera- 
ture. Hence  it  is  easy  to  calculate  from  the  known  oo-efficient  of  glass, 
or  any  other  substance,  the  changes  of  capacity  of  hollow  vessels. 

The  amoant  of  expansion  in  solids,  between  freezing  and  boiling, 
is,  after  all,  but  a  very  small  fraction,  being,  for  sine,  which  is  the  most 
expansible  of  all  metals,  only  one  three-hundred  and  fortieth  of  its 
length ;  while  glass  expands  only  about  one-third  of  this  quantity,  for 
a  like  change  in  temperature  (1  in  1248).  The  order  of  the  expansi- 
bility of  metals  and  glass  is  as  follows,  commencing  with  the  most  and 
ending  with  the  least  expansible : — zinc,  lead,  tin,  silver,  brass,  gold, 
copper,  bismuth,  iron,  steel,  antimony,  platinum,  glass. 

•  In  all  these  fSormulse,  ( is  taken  to  represent  the  number  of  degrees  abcra 
the  freMing  point. 
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This,  it  is  worth  while  to  remark,  is  also  very  nearly  the  order  of 
«M)mpres8ibility  of  the  same  substances. 

Ice  is  more  dilatable  than  zinc,  in  the  ratio  of  ^^^  to  j|y.  The  con- 
traction of  ice  by  cold  has  been  obserfed  fur  30°  or  4ff*  below  the 
freezing  point. 

The  most  expansible  solids  are,  in  general,  the  most  fasible,  ;.  g^ 
ice,  zinc,  &c. ;  while  the  least  expansible  metal,  pkUinum,  is  also  the 
least  fusible  ;  but  in  other  cases  this  comparison  fails. 

The  hardness,  ductility,  and  other  physical  properties  of  the  melals, 
appear  to  sustain  no  relation  to  their  expansibility. 

592.  The  ratio  of  expansion  increases  with  the  temperatnze.— 
Between  32°  and  212°  F.,  the  increase  in  the  coefficient  of  expansion 
in  solids,  is  hardly  appreciable ;  but  for  high  temperatures,  the  increasa 
becomes  a  considerable  quantity.  Regnault  has  determined  the  mean 
coefficients  for  glass,  when  blown  in  hollow  vessels  between  zero  C.  and 
the  following  temperatures — the  coefficients  being  in  each  case  ten-mil- 
lion ths  of  the  whole : — 

Coefficients.      K.  =  276     284     291     298     306     313 
Temperatures,  C.       100°    160°    200°    250°    300°    350° 

This  increase  in  the  coefficients  of  expansion  of  bodies  by  rise  in 
temperature,  is  probably  due  to  the  distance  between  the  particles  aug- 
menting with  the  heat.  Their  mutual  cohesion  is  thos  more  readily 
overcome. 

In  the  case  of  glaas,  which  haa  been  more  oarefally  studied  than  any  other 
solid,  it  appears  from  the  results  of  Regnault,  not  only  that  glasses  of  different 
composition  differ  in  their  coeflBoient  of  expansion,  but  the  same  glass,  in  solid 
rods,  expands  more  than  in  the  form  of  tubes ;  and  that  great  and  luddea 
changes  of  temperature,  as  in  making  a  thermometer  (573),  may  vary  the  co- 
efficient of  expansion,  owing  probably  to  slow  molecular  changes  in  the  glaM. 

,  593.  Amount  of  force  exerted  by  expansion. — The  enormons 
force  exerted  by  an  expanding  or  contracting  solid,  may  be  conceived 
by  estimating  (from  the  coefficient  of  elasticity,  {  161)  the  power  reqai* 
site  to  produce  an  equal  change  of  length  by  compression  or  by  traction. 

Assuming,  in  round  numbers,  the  coefficient  of  elasticify  of  iron  at 
212°  =  21,000  kilogrammes,  a  bar  of  iron,  one  metre  long,  expands 
0-0012  m.,  if  heated  from  32°  to  212°  F.  Therefore  a  bar  of  iron,  one 
square  inch  in  section,  raised  from  the  temperature  of  freeiing  to 
boiling  water,  expands  with  a  foroe  of  35,847  pounds ;  or  it  exerts  a 
foroe  of  199*15  pounds  for  every  degree  Fahrenheit  that  its  tempera- 
ture  is  elevated. 

When  a  bar  of  iron  one  inch  square  has  its  temperature  changed 
12°  F.,  its  expansion  or  contraction  exerts  a  strain  equal  to  one  tor 
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weight ;  nnii  if  Turied  from  10° 

to  Bummer,  it  ei[>iind8  with  a  force  of  about 

Tba  forw  cf  eontrutiuD  in  *  ooalltig  nolid,  i>  eq 
wbra  it  U  beslvd.     TLii  force  ii  coDBtmatl;  BHd  ii 

Tbe  walii  of  ui  uchud  gallerj  in  tbe  MuKum  . 
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594.  Common  phenomana  prodnced  by  tbe  ezpanaton  of 
■olid*. — la  everj-daj  life  may  be  teen  oumerout  ptieDomeno,  caused 
bj  the  eipaniioD  and  cootractioQ  of  Bubatances  bj  TariatiooB  in  ten. 
peratnre. 

A  (lOT*  napa  and  eracklea  when  Iha  lira  ta  lighted,  and  again  when  tt  ia 
eitingniahed,  beeanae  of  the  nneqnal  elpaniion  and  contraction  of  tlie  different 
paru.  The  pltob  of  a  piano-forte,  or  harp,  ia  lowered  in  a  warm  room,  owing  to 
the  eipanaloD  of  the  atringi  being  greater  tbao  that  of  tba  wooden  frame  which 
Bupporta  them;  and  for  the  rerene  reaaoD,  the  pitch  la  railed,  if  tbe  room  la 

Naila  driren  Into  wood  oRen  become  looie ;  tba  aipanaion  and  conlraclioD  of 
the  nail*,  throngh  Tariationa  of  lemparatura,  gradnally  enlarging  tbe  holea. 
A  gala  in  an  iron  ruling  may  be  easily  (but,  <a  opened,  in  a  cold  day,  but  only 
wiUi  dilBenlty  In  a  warm  day,  becauae  the  gale  ilaalf,  and  tbe  anrrounding  rail- 
ing*, bare  bacome  eipanded  by  the  beaL 

AatroDODoiaal  Imtmtoenti,  placed  on  clavalad  bai1diDga,areiametimee  aenelbl; 
deranged  by  the  expaaiion  of  the  walla  Eipoeed  to  the  >an.  Iron  and  platinom 
wlrea  may  be  anccaaaflilly  aoldered  inUi  glaaa,  beeanae  tb«r  mulnal  expanaibilily 
4i0ert  rery  little,  while  ailrer,  gold,  and  oopper,  aimilarly  traaled,  crack  ont  aa 
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the  joint  colls,  because  their  expansibility  is  maoh  greater  tbao  that  of  VtM 
glass. 

Glass  and  earthen  vessels,  with  thick  walls,  are  liable  to  break  when  hvt 
liquids  are  suddenly  poured  into  tbum.  The  surfaces  in  contact  with  the  hot 
liquid,  ezpaudiug  before  the  other  parts  are  affected,  have  a  tendency  to  warp, 
or  bend  the  sides  unequally,  and  the  brittle  material  breaks.  We  use  thia  pecu- 
liarity of  glass  to  convert  broken  vessels  in  the  laboratory  to  aseftil  purposes. 
Since,  by  a  red-hot  iron,  or  the  point  of  a  burning  coal,  we  can  lead  a  oraek  in 
any  direction,  and  thus  safely  divide  the  thickest  glass. 

Bunker  Hill  Monument,  an  obelisk  of  granite,  two  hundred  and  twenty* one 
feet  high,  moves  (as  observed  by  Hursford),  at  top,  with  the  sun's  rayt,  to  as  to 
describe  an  irregular  ellipse  with  the  sun's  motion.  This  movement  commences 
about  7  A.  M.,  of  a  sunny  day,  and  has  its  maximum  in  the  afternoon.  In  a  clondy 
day,  no  motion  exists,  and  a  shower  restores  the  shaft  to  its  position ;  showing 
that  the  heat  which  produces  the  deflection  penetrates  but  a  short  distwnoe. 

Railroad  bars  must  be  laid  with  open  joints,  or  their  expansion  and  oontni/> 
tion  between  the  extremes  of  natural  temperature  would  destroy  the  road. 
Between  4°  F.,  and  lOO^*  F.,  the  expansion  of  one  mile  of  rails  (5280  feet)  is  6 
feet  7  inches. 

The  two  tubes  of  the  Britannia  Bridge  (172),  are  secured  at  the  centre  to  the 
main  pier,  called  the  Britannia  Tower  ;  but  the  other  points  of  support  rest  on 
friction  rollers,  admitting  of  free  motion  with  changes  of  temperature.  An 
increase  of  26°  F.,  from  32°  to  58°,  gives  a  total  increase  of  3^  inches  in  the 
whole  length  of  each  tube,  or  one-half  that  amount  at  each  end.  The  daily 
change  of  dimensions  varies  from  half  an  inch  to  three  inches ;  the  maximum 
and  minimum  effects  being  about  3  p  m.,  and  3  a.  m.,  respectively.  The  same 
changes  noticed  by  Horsford  in  Bunker  Hill  Monument,  are  produced  in  thii 
bridge  by  the  sun's  rays.  The  heated  portions  of  the  tube  expand,  warping  the 
free  ends  to  the  cooler  side  about  two  and  a  half  inches,  both  vertically  and 
laterally. 

The  Tictoria  Bridge,  at  Montreal,  shows  the  same  phenomena,  but  not  so  re- 
markably, as  the  several  tubes  are  much  shorter  (page  137). 

Fire  regulators. — The  expansion  of  solid  bodies  is  often  used  to 
regulate  the  temperature  of  stoves. 

A  metallic  bar,  usually  of  copper,  is  placed  within,  or  beside  the  stove  or 
furnace,  and  as  it  becomes  heated  it  expands,  and  moving  a  lever,  turns  a 
damper,   or  valve,   thus   regulating    or  arresting  the  draughty  with  perfect, 
fidelity  and  accuracy. 

595.  Uneqaal  expansion  of  solids. — Breguefs  thermometer, 
already  described  (580)f  is  a  beautiful  example  of  the  application  of 
unequal  expansion  to  measurement  of  temperatures. 

If  a  compound  bar  of  iron  and  copper,  secured  together  by  rivets, 
fig.  461,  is  heated,  the  copper  ex-  461 

panding  more  than  the  iron,  the 
bar  is  thereby  curved,  as  seen  in  451  6 

fig.  4616,  to  accommodate  the  ir- 
regularity of  length  resulting.    If 
this  compound  bar  is  cooled  below  the  temperature  at  whioh  (he  two 
metals  were  united,  it  curves  in  the  opposite  direction. 
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$96.  GompansBtlug  pandnltuna. — The  leugth  of  a  pendulum 
mlone  detorminea  it«  timei  of  o»cillation  (82).  A  difference  of  ooe 
OD»-buDdredth  uf  an  inuh  in  a  secunds  peDdulum  irould  cause  a  clock 
to  TUj  eleven  leoonds  in  tweutj-four  hours,  and  a  difference  of  GO"  P. 
prodnces  this  effect. 

In  ordinitrj  clocks,  this  defect  in  tbe  length  of  the  pendulum,  is 
nmedied,  bj  raising  or  depressing  the  boll  at  tbe  end  of  tbe  rod  bj 
means  of  a  screw.  Pendulums  in  which  tbie  defect  is  remedied  by  a 
•elf-adjnsljng  arrangement,  are  called  comperualing  pendutunu.  The 
oompensation  is  effected  by  tbe  unequal  eipanaion  either  of  mercnrj 
and  gloss,  or  of  different  metals. 

Harriaon'a  gridiron  oomp«naatlng  p«nd<ilaiii,  fig.  462,  is  one 
of  those  most  erimmonlj  emplojed.  The  large  weight  at  tbe  bottom 
of  this  pendulum   is  supported  bj  a  series  of  rods  of  m 

brass  and  steel  arranged  in  alternate  pitirn.  The  middle 
rod  is  of  steel,  and,  tike  all  the  other  steel  rods,  is  shaded 
in  our  figure.  The  cross-pieces  connect  the  two  sjstems 
of  rods,  altemaletj  at  top  and  bottom,  in  such  a  wnj 
that  while  the  expansion  of  the  steel  rods  lengthens  the 
pendulum  the  eipansion  of  the  brass  rods  ahorteos  it. 
Tbe  length  of  the  pendulum  ia  plainly  the  sum  of  the 
length  of  the  ateel  rods  lesa  tbe  sum  of  the  brass  rods  (the 
supporting  crotchet  being  added  to  the  length  of  the 
steel  rods),  each  pair  of  rods  being  reckoned  as  onlj 
one  rod.  In  order  that  the  length  of  the  pendulum 
should  remain  invariable  wiib  changes  of  teniperatut 
it  is  obvious  that  the  eipansion  of  the  two  sjstems  of  , 
rods  most  exactly  balance  each  other. 

To  detarmiiw  the  leogUi  ot  roda  required  to  affect  thia,  !< 
Z  sad  I  ba  Iha  asm  of  tba  langtba  of  tba  ilesl  ud  brua  rod 
napecliTslj,  snd  JT  and  K'  tfaeir  reapectiTe  ooeffirienls  of 
azpanaioD.  Tbtn,  if  ibe  uuoodI  ot  •ipaeaion  in  bath  irtlema  ia  oqaal,  t  Jt 
will  eqaal  I C  But  alece,  at  LondoD,  tbe  length  of  the  leeaDda  pendulnm  ia 
30-I4a6S  inehe*  (82),  it  followi  Ihal  L~l  =  3B'14I)5S  iocbee. 

If,  Ihenfbre,  oa  Iske  from  Table  III.,  the  lalnea  oi  K  &nd  F,  and  combina 
thaae  two  wiiiBtiolia,  we  afaall  Eod  the  reapectire  leaglba  of  L  and  I. 


L=  ■- 


-  X3»140ASiDcbea,    1  = 


K'—K 


X  3»U 


Bat  the  position  of  the  centre  of  tricillaUon,  which  delannineg  the  rirloal 
iangth  of  the  pendalani  (83),  mar  Tarjr,  allhough  tbe  leuaible  iengtb  remaina 
ODobauged.  Hence  the  neFceaitj  of  adjusting  the  poaitien  and  maai  of  the 
Ru|Mnded  weight  afUr  tha  length  of  the  roda  la  approximatelv  accurate. 

In  OittlMm'a  oompansating  pendnlntn,  llg.  403,  ihe  rod,  a,  i>,  ia  of 


pnvsifs  Of  iMH 


gt«,, 


id  tlio  ordiOKj  woiglii 
d  In 


When 


■dbT. 


glui  T*iael  eant*<aing  mdhn 
luperatnr*  riaDi,  iho  prndali 
»  in  th.  eluB. 


phMgFd    by  ll 


iDOKlJiean,  and  th«  misrciirjr  nil 

Tbo  c(>uip«n»tioD  in  this  jnilru 
thBuenl«i.f  gt»vit),|*liioli  nmi 
liuu;  duui  not  sDtltdly  ou<nL-ida  t 
which  ths  firtual  leOKlh  nf  Ibc  |>i 

Mi.  Henil  Roberta'  comp«a*&tliig  p«ndulaiii 
remstkitlile  for  itt  titrems  timpEiait;,  Tka  rud  of  tbc  peiiiluli 
Gg.  1S4,  is  or  pltdnDm.  Miil  iDpparU  *■  lit  Inirer  end  ■  diih 
>lno.     Tha  aentre  of  gnvMj  uf  (liii  ililk  wiJI  4^5 

nlHit;i  ba  praurved  kt  Iba  tima  di 
the  point  or  SDipsniiDD,  ir  Ihu  eipii 


i>  obtaluod  wbgo  Ibo  rmliiif  o' 
lbs  diik  i>  equal  to  ODV-lhir<l 
of  Ibe  langth  of  Che  rud. 

Uaitin's   compensa- 
ting pendulant  is  h  I'oid 


(he  point  of  Buipeniinn,  the  otippar,  eipnnillng  ini>ni  tbuli  IbB  ir 

u.  bunda  the 

rud  Into  the  eurvf.  n/m,  wbarab;  the  matmlliv  billi.  ■.  m,  at  (hs  a 

Ihi  rodi,  ara  raiged,  and  being  bmUKht  cldeer  lo  the  paint  iirtunpcn 

■nta  for  the  intraaied  diatuce  of  tho  weight  of  the  pendnlum  from  that  poiDk 

If  the  lempenture  ii  towered.  Ibo  rod  benda  into  the  onrve,  •*• 

m',  and  the 

ball!  ^ra  lowered.     Theae  bulla  are  of  tueb  a  aiaa,  and  plaoad  at  no 

ch  a  imailimi 

•ed  bj  .aria. 

CompensattnB  balance  wheels  of  vratobes  and  ohroDometeie 

ut  cuBBlnicted  preciielj  on  the  plan  of  Martin'a  pendulum.    The  balanoe  wheel 
-the  duratioD  of  an  neeilljititn 
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II.    EXPANSION  OF  LIQUIDS. 

597.  General  ■tatement.— All  liquids  expand  by  heat  more  thau 
Bolids ;  thus  mercury,  the  least  expansible  of  all  liquids,  expands  muro 
than  zinc,  the  must  expansible  of  all  solids. 

The  rate  of  expansion  in  liquids  is  not  so  uniform  as  it  is  in  golids, 
and  especially  near  their  points  of  solidification  and  vaporization  they 
are  subject  to  great  irregularities. 

598.  Apparent  and  absolute  expansion. — We  have  already  (576) 
noticed  the  fact  that  it  is  only  the  apparent,  and  not  the  absolute,  expan- 
sion of  mercury  which  is  read  in  the  thermometer.  It  is  plain  that 
111  any  case  the  absolute  expansion  of  a  liquid  must  be  the  sum  of  its 
apparent  expansion,  and  of  the  increased  capacity  of  the  containing 
▼essel  (591)  at  the  given  temperature.  Either  two  of  these  quantities 
being  known,  the  third  can  be  calculated. 

The  absolute  expansion  of  mercury,  being  one  of  the  most  important 
constants  in  physics,  and  one  on  which  many  others  depend,  has  beea 
determined  with  the  greatest  accuracy.  This  determination  was  origi- 
nally made  by  Dulong  and  Petit,  and  has  been  confirmed  and  corrected 
more  recently  by  Regnault. 

The  method  giving  most  exact  results  depends  on  the  familiar 
principle  of  hydrostatics  (202),  that  the  heights  of  liquid  columns  in 
communicating  vessels  are  in  the  inverse  ratio  of  the  specific  gravities 
of  the  liquids.  What  is  here  true  of  different  liquids  is  of  course  true 
of  the  same  liquid  at  different  temperatures.  To  determine  this  point 
accurately,  a  glass  tube,  bent  into  a  syphon,  is  filled  with  mercury,  and 
80  arranged  that,  while  the  two  legs  are  respectively  exposed  to  the 
required  temperatures,  the  corresponding  heights  may  be  exactly  mea- 
sared  by  a  cathetometer.  The  coefficient  of  expansion  for  each  tem- 
perature may  then  be  calculated  from  (591*3)  by  means  of  the  specific 
gravities  thus  determined. 

Iiet  C  and  C?  represent  the  two  colamns;  H  Kud  (Sp.  Or.)  the  height  and 
ipeeifio  gravity  of  C  at  32**,  and  H'  and  {Sp.  Or.)'  the  height  and  spccifio 
gravity  of  the  column  C  at  t®.  Then,  by  202,  H{Sp.  Or.)  =  //'  {Sp.  Or.)'.  Let 
K  represent  the  coefficient  of  absolute  expansion  in  mercury,  and  by  591  and 
99,  we  have  {Sp.  Or.)  =  {Sp.  Or.)'  (1  -f  Kt.)    Hence  the  value  of  A',  obtained 

H'  —  H 

by  combining  these  equations,  is,  JC  =  — — • 

lit 

The  mean  absolute  expansion  of  merj^ury  was  by  this  method  found  by  Dulong 
and  Petit  to  be  between  32<>  and  212o  F.  for  !<>  F.,  K  =  „iy^  =  OOOOIOOI. 
This  number  has  been  corrected  by  the  later  researches  of  Regnault  lo 
K=s  0-00010085  for  each  degree  of  Fahrenheit's  scale;  or,  Jr=  0*00018153  for 
Meh  degree  Centigrade. 

The  increase  of  the  coefficient  of  expansion  for  mercury,  with  increase  of 
lemperature  already  alluded  to  (676),  is  shown  in  the  following  table  copied 
firrn  Cooke's  Chemical  Physics,  p.  510.    The  degrees  are  Centigrade 
38  ♦ 
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COEFFICIENT  OF  EXPANSION  FOR  MERCURr. 


Tra«  T«B>JMrfttnr« 

€j  Air  Th«rmo- 

m«t«r. 

M«an  1  ooffleUnt  of 

Bzpaaaion  of  Meroarj 

from  OO  to  lo. 

1     Aota&l  OooAdoAt  of 
Ezpaimion  fh>nii  fO  to 
it  +  l)0. 

YolooiM  «f  Eqi 
Woiffhtc. 

0® 

0 

000017905 

1-0000000 

30 

0000I7»7« 

0-00018051 

1-0053928 

50 

0-00018027 

000018152 

10090135 

70 

000018078 

0-00018253 

1.0126546 

100 

000018153 

000018305 

1-0181530 

150 

0  00018279 

0-00018657 

10274185 

200 

000018^05 

0-00018909 

1-0368100 

260 

000018531 

000019161 

1-0463275 

300 

0-00018658 

000019413 

10559740 

35C 

0-00018784 

0-00019666 

1-0657440 

The  last  column  of  this  table  shows  the  Tolume  to  which  one  cubic  eendmetrt 
of  mercury  will  expand  when  beate4  to  the  temperatures  given  in  the  first 
column.  Whenever  the  mean  coefficient  between  0^  and  t°  (as  given  in  the 
second  column)  is  known,  the  corresponding  volume  may  be  calculated  bj  the 
formula  V  =  V{\  -\-  Kt) ;  and,  by  interpolation,  the  volume  can  be  calonlatod 
fur  temperatures  for  which  the  coefficient  has  not  been  determined. 

599.  Correction  of  the  observed  height  of  the  barometer  for 

temperature. — As  the  volume  and  density  of  meroury  vary  with  the 

temperature,  the  height  of  the  mercurial  column  in  a  barometer  varieo 

not  only  with  changes  of  the  atmospheric  pressure,  but  also  with  changes 

in  temperature.     Before  comparing  barometric  obserrations,  therefore, 

made  at  different  times,  it  is  necessary  to  reduce  the  observed  heights 

of  the  mercurial  column  to  the  height  they  would  have  at  some  standard 

temperature. 

The  principles  enunciated  in  the  last  section  enable  us  to  obtain  the  follow- 
ing value  for  the  height  of  the  barometer  reduced  to  32°  F. 

/r=  n*  —  ET  ,  t  being  the  degrees  Fahrenheit  above  freesing;  or» 

H  =  H*  —  H* :,  when  ( is  given  in  degrees  of  the  Centignule  soale. 

5508  -f"  ^ 

The  true  height  of  the  barometer  is  therefore  to  be  obtained  by  snbtraetisf 
the  correction  from  the  observed  height  when  the  temperature  is  above  the 
freezing  point.  There  is  also  a  small  correction  to  be  made  for  the  expansion 
of  the  scale,  which  for  present  purposes  may  be  neglected. 

600.  Apparent  expansion  of  mercury. — The  apparent  expansion 
of  mercury  in  glass  is  readily  determined  by  means  of  the  simple 
apparatus,  seen  in  fig.  467,  consisting  only  of  a  glass  tube,  r,  drawn 
out  into  a  narrow  neck,  which  is  recurved  so  as  to  dip  conveniently  into 
the  cup  c.  The  weight  of  the  empty  tube  is  first  taken,  and  it  is  then 
filled  with  mercury  in  the  manner  described  in  {  568 ;  taking  care  to 
expel,  by  continued  boiling,  the  last  traces  of  air  and  moistare.  The 
tube  and  *ts  contents  are  then  oooled  to  32**  F.  by  immersion  in  melting 
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ice,  the  point  o  being  kept  constantly  beneath  the  mercury  in  e.     It  is 
then  weighed  again,  and  thus  by  deducting  t)ic  weight  of  the  empty 
tube  we  learn  the  weight  ( W)  of  the  mercury  it  contains         407 
at  32^.    Lastly,  it  is  exposed  to  a  constant  temperature,  f* 
(say  of  212^  F.,  see  fig.  443),  and  the  weight  of  the  escaping 
mercury  (to)  ascertained.   The  weight  of  the  mercury  which 
fills  the  tube  at  f*  is  therefore  W —  w.   From  these  data  the 
coefficient  of  apparent  expansion  is  calculated. 

The  Tolame,  V,  of  a  weight  of  mercary,  represented  by  W  —  «? 

at  82®,  is  F  = .   Now  this  weight  of  mercury  at  <®  filled 

{Sp.  Gr.) 

the  same  yolume  (i.  e.,  the  whole  apparatus),  not  regarding  tbo 

expansion  of  the  glass,  which  was  filled  by  the  weighty  W,  at  32**. 

W 

The  rolnme  of  the  weight  W —  lo  at  I®  is  therefore  P  = ; — . 

{^p.  Or.) 

Let    the    eoefficient  of   apparent    expansion    be    JT,   and    then 

F'=  r(l  -f  A'O;  then  substituting  the  values  of  Kand  V, 

w 
and  reducing,  we  bare  K  =  7-- =  for  common  French 

A  similar  mode  of  experiment  gives  of  course  the  coeflloient 
of  apparent  expansion  for  all  other  liquids.  It  is  also  applicable  for  the  deter- 
mination of  the  coefficient  of  expansion  of  all  solids  not  acted  on  by  mercury, 
since  it  is  true  that  the  coefficient  of  apparent  expansion  for  mercury  is  equal 
to  the  coefficient  of  absolute  expansion  less  the  coefficient  of  expansion  of  the 
material  for  the  containing  vessel.  As  the  coefficient  of  absolute  expansion  for 
merenry  is  known  with  the  greatest  accuracy,  it  follows  that^  by  an  application 
of  the  reasoning  in  this  section,  we  have  the  means  of  determining  the  coefficient 
of  expansion  in  glass  and  other  solids. 

601.  Amount  of  expansion  of  liquids. — Liquids  expand  very 
unequally  for  equal  increments  of  heat ;  the  law  of  their  expansion 
has  not  been  fully  determined.  Generally  the  most  expansible  liquids 
are  those  whose  boiling  points  are  the  lowest.  Those  whose  boiling 
points  are  high  have  usually  a  small  but  very  regular  expansibility, 
especially  at  temperatures  much  below  their  boiling  points. 

The  rate  of  expansion  in  all  liquids  increases  with  the  temperature, 
but  it  varies  with  each  substance  according  to  laws  not  well  understood. 

Between  32^  and  212^,  mercury  expands  1  in  55,  water  1  in  21'3, 
sulphuric  acid  1  in  17,  alcohol  1  in  9  -f,  <Sbc.     See  Table  IV. 

The  statement,  in  the  first  edition  of  this  work,  that  in  many  liquids  of  aVialo- 
gons  chemical  constitution,  the  rate  of  expansion  is  nearly  uniform  at  et^ual 
distanoes  from  their  respective  boiling  points,  appears,  from  the  observations  of 
Pierre,  not  to  be  sustained. 

The  expansibility  of  liquids  is  not  in  proportion  to  their  density,  but 
IP  wore  nearly  the  inverse  of  this  than  in  any  other  known  ratio. 
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G02.  Bxpuulon  of  llqnlds  above  Uieii  bolllDC  polnti Th« 

lat«  reaearchea  of  C.  Driun*  show  thaC  the  coefficiant  of  eipuiuon  in 
liquida,  above  their  boUirig  pointn,  increase*  at  on  aooelerated  ratio,  and 
eveQ  BurpaiiaeB  the  coefGcient  of  eipaaflion  in  gase«.  Ai  long  si^oe  aa 
1835,  Tliilorier,  in  his  memoir  on  liquid  carbonic  acid,  itates  that  Ihia 
liquid  expands  between  0°  and  30°  C.  (32°  to  86°  F.),  four  times  an  much 
an  air  expands  for  the  same  range  of  temperature,  being  as  j^f  for  tha 
liquid  gas  to  ^VV  fof  *■"■  Twentj  Tolume*  of  liquid  carbonic  acid. 
between  32°  and  86°  F,,  beuouie  therefore  twentj-nioe  volumee. 

Liquid  sulphurous  acid,  and  cyanogen  present  the  same  apparent 
anomaly,  as  well  as  certain  fluids  found  in  the  minute  cavities  of  topaa 
and  quart!  crystals. 

The  eiperiuients  of  Driiin  were  made  on  cblorid  of  ethyl,  aulphol* 
ous  add,  and  hypunitrio  acid. 

CoTvea  of  expaasion  of  liqtilda. — The  variation  in  the  expanooB 
of  liquids  mny  be  f;raphicnlly  represeoted  as  in  fig.  468.  The  diagram 
shows  the  linen  representing;  the  -Ifli) 

espnnsinn  of  six  liquids.  In  cai^b 
caselOOOpartsof  liquid  nre  taken 
at  212°  F.  Tlie  horizontal  lines  30 
(reading  from  above  dmrnwards) 
show  the  bulk  of  the  liquid  at 
temperHtures  below  the  b»iting 
point.  These  temperatures  are 
represented  in  degrees  of  Fah- 
renheit's scale  on  the  left  hand 
ci>Iumn,  nnd  in  Centigrade  de- 
greis  on  the  right  hand.  The  line  A  indicates  the  contraction  of  mar 
oury;  B,  that  of  water;  C,  for  alcohol;  D,  for  wood  spirits;  E,  for 
formic  ether;  F,  for  terchlorid  of  Hllicoa  ;  Q,  for  ordinary  ether. 

Thug  It  10fl°  below  the  boiling  point  (at  104°  F.),  IDDO  parla  walar  faavt 
eontracled  Into  aSA  parbi;  slcobol  ioU>  031  parti;  ud  fnnnio  eithar  iota  tit 

603.  Tbe  amoant  of  force  exerted  in  tlie  expanalon  of  llqnlda 

in  enorniiiiKi ;  being  equitl  lo  (lie  nipchanical  force  required  to  oumprMS 
the  expanded  liquid  inti>  ita  primitive  volume. 

Thua  Ifae  ripkosiaa  of  meronr)'  far  10°  F,..is  -DOtOOSS.  lU  Mmprmibilltir 
for  a  siDglo  atmaspbBra  i<  -OOOUOiS.  Tharefan  tbs  amoant  of  forn  minind  la 
realnro  Iba  mvrFury  to  iU  origioil  balk,  aftar  haating  it  10«  F.  'a  aqna]  to  IM 
■tmuipherei  (1I1DS6  -i-  &3  =  180),  or  28^0  poundi  praHare  In  a  tqoui  iaib. 
OninK  to  tliiit  auaruoas  Tgcve  exerted  during  eipuiioD.  eloMd  *M*als  flUed 
witb  liquid,  howevar  atroiig  tba;  toa;  be  made,  burst  vben  b*al  ii  applied. 

■  Ana.  do  Ch.  at  da  Pbys.  18». 
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004.  BxpftnBlon  of  ^ratei. — Water,  wfaiuh  presentx  to  maoj  r»- 
nwrkabls  sicept'ions  in  ita  plijsicnl  bistorj,  dues  bo  in  no  respect 
non  than  in  the  gingular  irregularities  obnerTed  in  its  expansiou  foi 
equal  inorements  nf  Umperature  between  32° 
and  212°.  lU  lolat  eipansion  fur  this  range  ii 
b;  DO  meaDS  large,  while  ita  coefficipnC  of  ei- 
paotioD  ie  found,  bj  an  eiaminatiiin  of  Table 
IV.,  to  be  smaller  than  that  of  anj  liquid 
exMpt  that  of  mercury.  The  eipanaion  of 
watm,  which  is  irregular  through  the  whole 
ran|[e,  from  freezing  lo  boiling,  is  espcciiitl^  nn 
between  32°  and  40°  F.  While  all  other  liquids 
an  moBt  dense  at  their  freezing  points,  the 
Moximmn  dttuity  of  water  Occurs  some  degrees 
aboTS  that  point  (39°-2  F.),  and  above  or  below 
tbU  temperature  it  expands. 

Maztmnm  deaalty  of  w 


t,  Ihip  I 


ception  i 


fg.  4fi9,  pii;  b«  nsed.     The  Huk,  b 
qnarl,  ia  filled  wilb  iiktar,  sod  the  ii 


1  by  the  fftll  of  tl 
dbji 


the  Bgun  pluod  within  tbe  floak.  WhcD  that  tem- 
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88°*84 ;  but  it  u  agreed  by  physioists  to  assame  4®  C ,  or  39^*2  P.,  m  re(fMonU 
log  the  tme  point  of  maximam  density  for  water. 

The  apparatus  shown  in  fig.  470,  serres  well  to  illustrate  the  dfeet  of  thia 
law  in  the  freezing  of  lakes  and  rirers.  A  glass  jar,  around 
the  central  part  of  which  is  fitted  a  metallic  ressel,  e,  is  pro- 
vided above  and  below  with  two  delicate  thermometers, '  f', 
entering  the  sides  of  the  jar  horizontally  by  openings  drilled 
for  that  purpose.  After  filling  the  jar  with  water,  a  freezing 
mixture  of  ice  and  salt  is  placed  in  e,  which  rapidly  cools  the 
water.  The  two  thermometers  continue  to  indicate  nearly  the 
same  temperature  until  the  water  is  cooled  to  39^*2  F.,  when  it 
will  be  observed  that  the  lower  thermometer  remains  at  that 
point,  while  the  upper  one  indicates  a  lower  temperature,  until 
it  finally  reaches  32°  F.,  or  even  lower. 

The  explanation  of  these  phenomena  is,  that  the  water, 
cooled  by  the  freezing  mixture,  becomes  more  dense  and  sinks, 
while  other  and  lighter  portions  rise,  to  be  cooled  and  sink 
in  turn.  Thus  a  system  of  currents  is  established,  by  which 
the  whole  of  the  water  gradually  reaches  the  temperature  of  39^*2.  On  eooliag 
below  this  point,  the  water  expands,  and,  thus  becoming  lighter,  the  colder 
portion  remains  at  the  surface,  and  is  further  cooled  by  the  freezing  mix- 
ture, while  the  water  in  the  lower  part  of  the  vessel,  not  coming  in  oontaet 
with  the  freezing  mixture,  and  being  no  longer  disturbed  by  cnrrenta,  remains 
at  the  temperature  of  39°  2. 

Effects  of  the  unequal  expansion  of  water. — Under  the  influ- 
ence of  this  law  of  unequal  expansion  in  water,  the  cold  of  oar  mo«t 
severe  winters  produces  only  a  comparatively  thin  covering  of  ice  apon 
the  lakes  and  rivers.  Water  freezofi  at  32^  but,  before  that  tempera- 
ture can  be  reached,  expansion  sets  in  at  the  surface,  and  the  water, 
although  colder,  is  specifically  lighter  than  the  warmer  water  below, 
and,  consequently,  fit  ats  buoyantly  upon  it.  Ice  is  formed  only  on  the 
surface,  but,  being  a  very  bad  conductor,  it  cuts  off  the  escape  of  beat 
from  the  water  below,  and  this  renders  the  freezing  precess  a  very  slow 
one.  In  fact,  a  film  of  ice  may  be  likened  to  a  blanket,  which,  although 
of  itself  cold,  becomes  a  means  of  preserving  beat  by  cutting  off  ra- 
diation. 

Lake  Superior  has,  uniformly,  throughout  the  year,  the  temperature  of  about 
40°,  at  a  short  distance  below  the  surface ;  and  the  deep  sea  soundings  show,  that 
the  sea,  at  the  bottom  of  the  ocean,  even  under  the  Oulf  Stream,  is  below  the 
temperature  of  maximum  density,  which,  in  saline  solutions,  is  lower  than  in 
puro  water.  The  temperature  of  the  deep  Alpine  lakes  is  39^*2  F.,  at  all 
easons  of  the  year. 

Maximum  density  of  different  aqueous  solutions. — The  solu- 
tion of  various  salts  in  water  has  the  effect  of  lowering  its  point  of 
maximum  density.  Thus,  the  point  of  maximum  density  of  sea-water 
is  25°.70*.  The  point  of  maximum  density  of  solutions  falls  more 
rapidly  than  their  point  of  congelation,  and  is  proportional  to  the 
quantity  of  salt  dissolved. 
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The  volume  of  water,  at  different  temperatnres,  baa  been  de- 
termined bj  several  experimenters,  and  tbe  results,  according  to  Kopp, 
are  given  in  Table  XXIV.,  with  the  corresponding  specific  gravities, 
both  when  taken  at  32°,  for  the  unit  of  volume  and  density,  and  also 
at  e  C.  (aO*'^  F.). 

III.    EXPANSION  OP  GASES. 

605.  General  atatement. — Gases  and  vapors,  being  under  the 

influence  of  repulsion,  and  having  little  cohesion,  expand,  for  equal 

increments  of  heat,  much  more  than  either  solids  or  ordinary  liquids. 

(Compare  2  602.) 

The  expansion  of  air,  and  of  all  gases,  may  be  shown  by  plunging  the  open 
end  of  a  baited  tube  into  water ;  a  slight  elevation  of  temperature,  even  the 
beat  of  the  hand,  will  expand  the  air  in  the  balb,  and  cause  a  part  of  it  to  escape 
ia  babbles  through  the  water.  And  when  the  source  of  heat  is  withdrawn,  the 
rite  of  the  water  in  the  tube  indicates  the  amount  of  expansion  (604). 

606.  Gay  Loaaac'a  lawa  for  the  ezpanaion  of  gaaea  by  heat. — 
Gay  Lussac  was  the  first  to  discover  the  general  laws  of  the  expansion 
of  gases  by  heat  The  gases  on  which  he  experimented  were  not  freed 
from  moisture ;  but  the  laws  which  he  deduced  are  remarkable  for  their 
great  simplicity  and  general  accuracy,  considering  the  state  of  experi- 
mental science  at  that  time  (a.  d.  1805).     They  are  as  follows: — 

Ist.  AU  gases  luive  the  same  coefficient  of  expansion  as  common  air. 

2d.  The  coefficient  of  expansion  remains  the  same,  vhcUecer  may  be  the 

pressure  to  which  the  gas  is  subjected. 

These  laws,  like  the  laws  of  Mariotte  (274),  though  sufficiently  accurate  for 
ordinary  purposes,  are  found,  by  the  more  complete  experiments  of  modem 
•eience,  to  be  not  strictly  correct 

607.  Reaolta  of  Regnaolt'a  experimenta  npon  the  expanaion 
of  gaaea. — Very  valuable  experiments  were  made  by  Dulong  and 
Petit,  but  the  most  recent  and  complete  investigation  of  the  expansion 
of  gases  by  heat,  was  conducted  by  Regnault  In  all  his  experiments, 
the  different  gases  experimented  upon  were  completely  deprived  of 
moisture,  and  the  results  of  his  experiments  are  contained  in  the  fol- 
lowing tables : — 

EXPANSION  OF  GASES  BETWEEN  32°  AND  212°  F.  (jaMIN). 


Oiian. 


Air 

Nitroge  i 

Hydrogen  .... 
Oxyd  of  Carbon  .  . 
Carbonic  Acid  .  .  . 
Protoxyd  of  Nitrogen 
Sulphurous  Acid  .  . 
jCyanogen      .... 


Undftr  Constant  Tolame. 

0.3668 
0-.3667 
0-3667 
0-H688 
•  0-3676 
0-3846 
0-3829 


Under  Constant  PrsMure. 

0  3670 
0-3670 
0-3661 
0-3669 
0  3710 
03719 
0-3903 
0-8877 
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From  this  table  it  appears  that  the  coefficients  of  expansion  of  tboM 
gases  which  have  never  been  condensed  to  liquids,  are  very  nearly  tlio 
same  as  air ;  while  the  coefficients  of  the  conden^ible  gases,  carbonio 
acid,  sulphurous  acid,  and  cyanogen,  are  considerably  greater,  and  the 
greater  in  proportion  as  they  are  more  readily  condensed  into  liquids. 
Each  gas  has  two  coefficients  of  expansion, — the  coefficient  of  expan- 
sion for  a  constant  volume  being  less  than  for  a  constant  pressure,* 
except  in  the  chmc  of  hydrogen,  in  which  the  reverse  takes  place.  This 
agrees  in  a  remarkable  manner  with  the  fact  (276)  that  hydrogen  alone 
in  loj^  compressible  than  the  law  of  Mariotte  would  indicate. 

It  is  further  shown,  by  the  experiments  of  Kegnault,  that: — 

1st.  TIte  coffficients  of  expatufion  are  very  nearly,  but  not  atrnfiytely^ 
the  same /or  different  gases. 

2d.  The  coefficients  oj'  expansion ^Jor  different  gases,  vary  morejrom 
each  other  in  proportion  tis  the  pressure  to  which  they  are  subjecUd  is 
increased, 

3d.  The  coefficients  of  expansion  Jor  ail  gases,  except  hydrogen,  increate 
with  the  pressure  to  which  they  are  subjected,  and  this  increase  is  mtoii 
rapid  in  those  gases  which  deviate  most  from  Muiiotte*s  law  (276). 

4th.  For  ordinary  calcvlaiifms,  under  the  pressure  of  the  atmosphere, 
the  coefficient  of  expansion  for  alt  gases  may  be  considered  as  0*3666 
between  the  freezing  and  boiling  points  of  water,  or  jjj  of  the  volume  at 
32°,  for  each  degree  of  FahrenfieiVs  scale. 

For  accurate  scientific  purposes,  the  coefficient  of  expansion  of  every  gat  cod- 
tidercd  must  be  taken  from  the  tables  given  for  that  purpose. 

Table  V.,  Appendix,  gives  the  coefficients  of  expansion  of  eommon  gum 
ander  varying  pressures. 

608.  FormalaB  for  computing  changes  of  volume  in  gases.— In 

physical  researches  it  is  often  desirable  to  ascertain  the  increase  or 
decrease  in  volume  which  a  given  gas  undergoes  by  mea.<«ured  differ- 
encea  in  tempeniture.    This  is  easily  done  by  the  following  formulae: — 

Let  V  represent  the  volume  of  the  gas  at  .H2°  F  ,  V*  its  volume  at  the  higher 
temperature,  and  t  the  number  of  degrees  between  32^  and  the  higher  tempera* 
ture.    The  increatte  in  the  volume  will  therefore  be  expressed  by  V* —  V.     AdI 

V 

since  the  increase  in  volume  for  1°  F.  is  generally  ---,  the  increase  fur  tbv 

491 

V 
higher  temperature  is  —  X  '• 


V 

Therefore,  V  —  V=     -  X  'i  and  V 


^'(•+«,) 


If  the  pas  is  subjected  tx)  a  lower  temperature,  it  sufiers  a  diminntion  in  vo- 
lume, expressed  by  V  —  V.  and  if  (  expresses  the  num^r  of  degrees  below  SS* 


*  This  uiay  be  due  to  the  action  of  cohesion. 
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V 

to  which  it  \m  reduced,  and  —  its  dimination  fur  1^  F..  then  the  dixninition 

V  V 

for  the  lower  temperatore  will  ^  tt;  X  '» •"^  ^ —  F'  =  •—  X  *• 


Therefore,  V 


('-.i.> 


If  the  Tolame  of  a  gM  at  32^  F.  is  known,  its  volume  at  any  other  tempera- 
hire  above  or  below  32°  may  be  calculated  by  the  following : — 

RULE. 

MuUiply  the  difference  between  the  number  of  degrees  of  temperature 

and  3*2^,  by  the  coefficient  of  expansion  of  the  gas  (for  ordinary  purposes 

this  coefficient  equals  1  divided  by  491).    Add  the  quotient  to  \,  if  the 

temperature  be  above  32°,  and  subtract  it  from  1,  if  U  be  below  32°. 

Multiply  the  number  thus  found  by  the  volume  of  the  gas  at  3^,  and  the 

product  will  be  the  volume  of  the  gas  at  the  observed  temperature, 

609.  Formnlee  expreraing  general  relation  between  volume, 
temperatnre,  and  presanre. — The  volume  which  a  gas  occupies  de- 
pends Dot  only  on  the  temperature,  bat  also  upon  the  pressure  to  which 
it  is  subjected  (274) ;  the  pressure  of  a  gas  being  inyerselj  as  Ihe 
yolume  into  which  it  is  compressed. 

Af  the  volume  of  a  gas  at  the  fame  temperature  is  inversely  as  the  pressare, 
if  V  and  V  be  two  volumes  under  the  same  temperature,  and  under  the  pres- 
sures P  and  P'  i  then, 

•  P 

V:  V  =  P'  :P,  and  P  -=  VX  p/ 

If  t  and  I'  express  the  number  of  degrees  above  or  below  32°,  at  which 
the  temperature  stands  (-)-  being  used  when  above,  and  —  when  below),  if  a  gar 
be  simultaneously  subjected  to  changes  of  temperature  and  pressure,  the  rela* 
tion  between  its  volume,  pressure,  and  temperature,  will  be  expressed  by  the 
general  formula 


V 

— 

1  -+-  Kt 

X 

P' 
p 

= 

491  -+-< 

X 

P* 

r 

1  -+-  A.V 

491  -f-  V 

~P 

610.  Relation  between  expansibility  and  compressibility. — 
It  has  been  found,  generally,  that  the  most  expansible  liquids  are  the 
most  compressible. 

Solids  expand  less  than  liquids,  and  are  likewise  less  compressible, 
while  liquids  have  a  less  expansibility  and  compressibility  than  gases. 
Among  solids,  the  most  expansible  are  generally  the  most  easily  com- 
pressed. 

The  expansibility  of  a  substance  increases  with  the  temperature,  as 
does  also  its  compressibility. 

611.  Density  of  gases. — The  density  of  gases  and  vapors  is  com 
pared  with  atmospheric  air  as  the  standard,  air  being  called  1,  or  100(^ 
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The  method  fur  the  determination  of  the  density  of  gobes  is,  in  (.lin* 
ciple,  the  8ame  as  for  the  density  of  liquids.  The  determinatioDS  are 
made  in  a  glass  globe,  fig.  205  ({  258),  to  which  an  accurately  fitted 
stop-cock  is  attached.  The  globe  is  first  weighed,  when  filled  with 
dry  and  pure  air,  and  again  after  being  exhausted  of  air  by  means  of 
the  air-pump ;  the  difference  in  the  two  weights  gives  the  weight  of  air 
contained  in  the  flask.  The  globe  is  then  filled  with  the  perfectly  dry 
gus  uuder  examination,  and  again  weighed ;  the  weight  found,  less  the 
weigh  f  the  globe,  gives  the  weight  of  the  gas.  The  weight  of  the  gas, 
divide,  by  ttie  \feight  of  the  same  bulk  of  air,  gives  the  specific  graTity, 
or  density  of  the  gas,  as  compared  with  air. 

Example :  A  glass  globe  held  28*73  grains  of  atmospheric  air,  and  43*91 
grains  of  carbonic  acid.  The  specific  gravity  of  the  latter  is  therefore  43*93  -f- 
28*78  =  1-529,  or,     28*73  :  43  93  =  1000  :  1  629. 

A  number  of  corrections  must  be  made,  in  order  to  obtain  the  true  demity 
of  the  gas  under  examination.  Thus,  the  barometric  height,  and  the  tempera- 
ture of  the  air  at  the  time  of  weighing,  must  be  reduced  to  the  standard  btso- 
metric  height,  30  inches,  and  the  standard  temperature,  62^  F.  CorreotioiM 
must  also  be  made  for  the  film  of  hygroscopic  moisture,  always  adhering  to  the 
globe,  and  for  the  buoyancy  of  the  globe  in  the  air. 

Rognault  has  reduced  the  number  of  corrections  ordinarily  necessary,  by 
counterpoising  the  j^Iube  in  which  the  gas  is  weighed  by  a  second  globe  of  equal 
size  made  of  the  same  glass.  Thus,  the  corrections  for  the  film  of  hygroscopic 
moisture,  and  the  buoyancy  of  the  globe  in  the  air,  may  be  dispensed  with,  as 
they  are  equal  in  both  cases. 

The  most  important  applications  of  a  knowledge  of  the  density  of  gases  have 
been  made  in  chemistry.  As  in  demonstrating  and  elucidating  the  discovwy 
of  Oay  Lussac,  that  the  volume  of  a  compound  gas  is  either  equal  to,  or  be«i 
a  very  simple  relation  to  the  volumes  of  its  constituent  gases.  Also,  in  ealea* 
iating  the  atomic  weight  of  numerous  elementary  substances.  « 

Tabic  XL  c,  Appendix,  gives  the  density  of  the  most  important  gases,  sf 
obtained  by  distinguished  authorities. 

J  4.   Commanioation  of  Heat. 

I.    CONDUCTION. 

612.  Modes  in  whioh  heat  ia  commanioated. — Heat  is  coniinu- 
nicated  in  three  ways :  1st.  By  conduction  (chiefly  in  solids).  2d.  Bj 
convection,  or  circulation,  in  liquids  or  gases.     3d.  By  radiation. 

613.  Condaotion  of  heat. — Ueat  travels  in  solids  slowly,  froDi 
particle  to  particle.  It  implies  contact  with,  or  close  approach  tt>,  a 
hotter  body.  The  end  of  a  bar  of  iron  thrust  into  the  fire,  beoonefl 
red-hot,  while  the  other  end  can  yet  be  handled.  Things  viry  very 
much  in  their  power  to  conduct  heat,  every  substance  having  its  ow 
rate  of  condurtibility. 

A  metallic  vessel,  filled  with  hot  water,  is  at  once  as  hoi  as  its  cooteots,  whil* 
an  earthen  vessel  bccomos  heated  slowly.  The  metal  is  a  good,  and  the  earth«B' 
ware  is  a  bad,  conductor.     A  pipe- stem,  ir  glass  tube,  hold  in  a  ppirit  lalP^ 
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■n  the  pooTeal  eonducUra  oC  all.  Tha  meUle.  as  ■  clua,  an  good  eonductori. 
•ad  tbeir  oifdi,  ai  •  elua,  are  bad  unea.  Tbe  more  matter,  Ibea,  ia  gireaenl 
ta  ■  giTBD  bud;  (■'.  t.  Lbe  bigbor  ila  densily),  the  greater,  a>  a  general  rule,  it 
Ila  eoDductiog  power,  and  om*  cr.-.i. 

tiU.  Detetminatlon  of  the  conducUbllit;  of  solids.— The  nppn- 
nitusuf  Ingenhauoz.  fig.  471,  uiitj  be  empluyeii  to  ileleruiiue  tiieuiifqiial 
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■lied  with  boiling  waKr  or  hot  aand,  the  wax  will 

be  melted  from  tbe  roda  in  the  order  of  Iheir  .on- 

H^^^^^  - 

(laia.  wood.     Or  Email  bits  of  pbosphoraa  may  ^ 

be  plB<>ed  al  equal  diatancea  upon   the  rods,  and    H 

the>.  will  be  Bred  in  comrpuDding  aucc^caaiua.         ^ 
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tolids.   the  appanttus  of  Despreti  atay   be 
amplojed,  fig.  472. 

It  ia  a  aeriea  of  priamalie  barg,  a  b.  beatwl  at  oOD  end,  a,  by  an  argand  lamp. 
Baah  bar  ha*  ■  leriee  of  imall  daviilc,  T,  formed  in  it,  at  equal  dliUDcea 
(1  t.  HI.  =  30  in.)  Ihrougbaut  ia  lungtb.  and  Hilod  with  moroury.     In  «ai:h 
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G15.  Conductibllltj  of  metal*.  &o.— Guli]  is  a  better  n  nduolor 
or  lioiLt  tliiui  uri;  uther  ineliil.  iir  other  solid.  lu  ctinduotibilil;  Is  repre- 
sented bj  lIXKl.  The  urder  uf  ilie  cunduclibilitir  of  other  metala  is 
(aiicording  to  Deapreu)  plutltium.  uupper,  silrer,  iron,  linc,  tin,  lead. 
'I'he  oonductibility  uf  the  lost-uamod  metal  is  only  17S'6. 

Tfag  proFiie  nU  of  the  Fon^lucill-ilUj  of  IhsK  meM;  ucordiiiK  «•  <liirFr>nt  eD. 
lhurili«i,niH}beH(.ninlli^Api»i>aii,T>btiiVil.i.,uilinTiib1eVri  B.»b»w- 
liiglbsDondaatingpawarnriliffBriiiit  uiilecisliaaid  in  tbeconitrucllannf  hna»f, 
UK  ob«rvDd  b7  Mr. 


Lt  resiil  Uis 


M  amploTsd  ii 


ring  placed  fin  I. 


GIG.  Condactibillty  of  crystals. —The  conduotibilitj  of  hncnnge- 
neoufe  milida,  and  of  urjatals  beluiiging  to  the  monometrii;  Bysiem,  ii 
the  mine  in  ererj  direction.  But  in  crystals  of  other  Hysteina,  the 
oonduotibility  variea  Id  dlSoreDt  directiooB,  according  to  ibt)  relntiou 
uf  the  direetioa  (o  that  of  the  optic  axis  of  the  crjBtal. 

Bsnarmuot.  in  bie  sxpcriinenta,  t«ak  Ibin  plaice  uf  cr;iti]R,  turns  nit  panllaj 


.  uth*r>  at  riglit  no  give  in 
lols   iru  drllJsd  for  Ibi-  rsHplii.n  of  a  lUior  f 

iierad  bj  a  rtlln  cuxin;  of  raland  oax.     Tbo  i 
uf  tha  faiat  waa  obHrvcd  by  Uis  molting  of  lbs  i 

1.  ng,  473,  Md  in  the  o 


,  elllpiSi 


,  1.  fig-  4 


G17.  Coudacttbility  of  wood.— The  dependence 
of  the  ounduuciun  of  heat  upon  molecular  arrange- 
ment \»  shown  as  well  Id  organic  EtructureB  as  in 
uryHlalline  media.  This  subject  nas  investigated  most 
■utrefuUir  bj  Dr.  Tyndalt,  who  examined  the  conduct- 
ing power  uf  various  organic  subBtaneee,  espeuiall; 
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vhieh  haa  the  great  density  of  1*426,  is  rerj  low  in  the  scale  of  eondaction. 
Green  woods  eondnot  heat  better  than  dry. 

618.  Vibrations  produced  by  eondaction  of  heat. — When  a 
hot  bar  of  metal,  having  a  narrow  base,  is  supported  on  knife  edges 
iif  metal  or  crystal,  or  upon  metallic  points,  a  vibratory  motion  of  the 
b«r  is  produced,  and  continued  until  the  temperature  of  the  bar  and 
the  supporting  body  become  nearly  the  same.  This  vibration  produces 
%  musical  tone  varying  with  the  nature  of  the  metal  and  the  form  of 
the  bar. 

It  was  formerly  supposed  that  these  vibrations  indicated  that  h  it  was  pro- 
daced  by  moleenlar  vibrations.  Bat  it  has  been  shown  by  Tyndall  (.  hil.  Trans. 
1854)  that  these  vibrations  are  caused  by  the  want  of  synchronism  in  the  sadden 
expansion  of  the  points  of  support,  as  heat  is  communicated  from  the  metallic  bar. 

Dr.  Page  produced  similar  vibrations  by  employing  a  rocker  having  a  cylin- 
drical surface  supported  on  two  narrow  bars,  using  voltaic  electricity  as  a  source 
of  heat.     Am,  Jour.  Set.  [2J  XX.,  p.  165. 

619.  Condactibility  of  liqoida. — Count  Rumford  concluded,  from 

his  experiments,  that  liquids  vrere  absolutely  non-conductors  of  heat, 

bat  later  experimenters   have  determined,  that  474 

liquids   do   conduct   heat,   but   only   to  a  very 

limited  degree.    That  the  conductibility  of  liquids 

for  heat  is  very  slight,  is   shown  by  Rumford's 

apparatus,  fig.  474. 

The  glass  funnel  is  nearly  filled  with  water.  A  ther- 
mometer tube,  with  large  bulb,  is  so  arranged,  that  the 
bulb  is  just  below  the  surface  of  the  water.  The  stem 
passes  through  a  tight  cork,  and  contains  a  few  drops 
of  colored  liquid  at  A,  which  will  move  with  any 
ehange  in  bulk  of  the  air  containednn  the  bulb.  A  little 
ether  poured  upon  the  surface  of  the  water  and  ignited, 
does  not  cause  any  movement  in  the  column  of  fluid  (as 
may  be  found  by  pasting  a  line  of  paper  on  the  stem  at 
one  of  the  drops  of  liquid),  which  would  be  the  case  if 
any  sensible  warmth  was  communicated.  The  warmth 
of  a  finger,  touching  the  bulb,  will  at  once  cause  the 
fluid  to  move  by  expanding  the  air  within.  As  the 
walls  of  the  glass  vessel  gradually  become  hot  by  con 
dnetion,  the  water  will  slowly  rise  in  temperature.  By 
heating  a  vessel  on  the  top,  therefore,  we  should  never 
sueeeed  in  creating  anything  more  than  a  superficial  elevation  of  temperature ; 
at  a  small  depth  the  water  would  remain  cold.  The  heating  of  liquids  is  effected 
by  means  of  currents,  as  will  be  presently  explained  (627). 

620.  Condactibility  of  gases. — Gases  are  more  imperfect  con- 
ductors of  heat  than  liquids.  It  is  difficult  to  make  accurate  experi- 
ments upon  this  subject,  from  the  readiness  vrith  which  currents  are 
Airmed,  and  which  thus  diffuse  the  heat,  but  we  know  that  gases,  when 
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oonfliieJ.  itre  »Imuat  pon-annilucturs  iif  Iiput.  Thus,  subataiices  which 
impriflun  l&r);e  vulumoa  ^f  air  vithia  their  poree,  as  duwn,  wuul, 
fenthere,  &a.,  nre  very  poor  oonductors  of  heat. 

Air,  loaded  wUh  moiMure,  is  rendered  tberebj  a  muuh  Iwtter  eon- 
ductor  or  heat  thnn  dry  air,  in  the  proportion  of  230  b>  80;  hoove, 
dftinp  air  feels  uulder  to  the  hody  thau  dry  nir  of  the  saino  temperalure, 
becauBO  it  uuaducta  away  the  heat  from  the  body  more  rapiilly. 

The  wnso  of  upjireHsion  experienced  before  n  thunder  alorm  i*  due  tti 
the  ['ombined  effect  of  the  heut  and  moisture  of  the  aUnonphsre. 

621.  ReUUva  oondnoUbiUty  of  ■oUds,  liqalda,  and  gaaaa.— 
If  we  touirh  a  Tod  of  metal  heated  to  120°  F.,  we  shall  be  burned  ; 
water  at  130°  will  nut  saald,  if  the  hand  is  kept  still,  and  the  heat  is 
gradually  raised ;  while  dry  air  at  300°  has  been  endured  wilhoQt  injury- 

Tbe  OTen-gir!*  ot  Germany,  clad  in  gsnnonti  of  woDlen  and  Iblck  inekt  to 
protect  tbolr  fesC,  enter  evnnf  Hithoat  ineaorenieDce,  where  all  kind*  of  eali- 
narj  opentioni  are  going  on,  Ht  ■  UmiKratare  aboTB  300°,  nUboogh  Uie  toocb 
of  an;  meUllio  article  wbile  tlji>re  would  lererolr  bum  them. 

622.  Examples  and  illnatiationa  of  the  diSetent  condactibi- 
lity  of  aotida,  are  very  evident  lo  uommon  obGervatiun. 

The  cruit  uf  Lhe  glob*  is  eomposed  of  poor  mndnvting  inaleriali,  and  nol- 

BHSpes  ia  ea  ineuniiderahle,  (bat  it  bu  now  no  »Diible  influence  no  the  lempe- 
latnre  of  Ibe  larfuB.  It  hu  been  ealeuUted,  that  the  qnantitj  iif  conin)  heal 
which  reaobei  the  surface  in  a  ;ear  would  Dot  auflloe  to  melt  an  envelope  of  is* 
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Wator-pipei  laid  at  a  diilanee  of  a  lew  fe 
bj  the  wintct'a  oold,  beeaBie  tbe  aoil  i>  a  oomf 

Fire-prouf  eafei  are  hoiei  at  [run.  eoasU-Dr 
the  intervening  spaces  of  which  are  flilod  with 


ned  with  Are 


in  thick 

•1  nnder  ground,  are  nul  fhiien 
iBr«0*ely  poor  candnetor. 
tad  with  doable  or  treble  vslli, 
gjpsuiB  (plaster  of  paiis),  bnral 
Tht'ie  linings  prevent  the  eilerlot 
and  papers  itilhin,  Furascrei  era 
oaductiDg  and  inliisible  mBterisl. 


owing  to 


msta  that  Uie  Uble  i 


!  pots,  because,  being  poor  eaadactors,  tbej 
baud  so  rapidl]'  aa  tu  hum  it  llol  diibei 
na;  not  be  InJQrcd.  Water  ia  aonnsr  healed 
laaa  or  porcelain,  becaaee  the  flnt  coailactf 
the  heat  more  rapidly  from  tbe  lire  than  tbe  others. 

Baildingi  eoonlrueted  of  wood  and  brick  are  cooler  in  aummer  and  warmer  ic 
winter  than  those  of  iriin.  because  Ihej  sre  pojrer  oonduetnn  of  boat. 
The  hearth-stone  feela  colder  tbsn  the  wooden  floor,  and  this  than  tbe  earpei. 
ace  in  theii  i^onducting  powers,  although  all  are  at  the  aanii 


623.  Zixamplea  drawn  (lom  tha  animal  and  vegetable  king- 
doma,— The  covering  of  aniinali!  not  only  varies  wilh  the  climate 
which   the  several  species   inhabit,  but  also  with   tbe  ■oaaoii.     Thii 
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lOTering  is  not  in  itself  a  source  of  warmth,  but  prevents  the  escape 
jf  the  yital  heat  frooi  within. 

Animals  in  warm  climates  are  generally  naked,  or  are  covered  with  coarse 
and  thin  furs,  which  in  cold  countries  are  fine,  close,  and  thick,  and  are  almost 
perfect  non-conductors  of  heat.  The  plumage  of  birds  is  likewise  formed  of 
substances  which  are  poor  conductors  of  heat,  containing  also  a  large  quantity 
of  air  in  their  interstices.  Besides  this  protection,  the  birds  of  cold  regions  are 
provided  with  a  more  delicate  structure  beneath  the  feathers,  called  down,  which 
intercepts  the  heat  still  more  perfectly.  The  fossil  elephant  of  the  White  River, 
in  Siberia,  was  covered  with  three  sorts  of  hair,  of  different  lengths,  the  shortest 
'being  a  fine,  close  wool,  next  the  body,  a  protection  against  the  arctic  cold.  The 
arctic  navigator  and  the  Esquimaux  endure  the  cold  of  —40°,  or  — Ii0°,  F.  with 
tho  aid  of  fur  bags  and  clothes.  Animals  with  warm  blood,  which  live  in  the 
water,  as  the  whale  and  seal,  are  surrounded  with  a  thick  covering  of  oil  and 
fat,  which  acts  in  a  manner  similar  to  the  furs  and  featherj  of  land  animals. 

The  bark  of  trees  is  much  more  porous  than  the  wood,  and,  being  arranged  in 
plates  and  fibres  around  the  body  of  the  tree,  prevents  such  a  loss  of  heat  as 
woold  be  injurious  to  its  life. 

624.  The  oondacting  power  of  Babstances  in  a  pulverized  or 
fibrona  atate,  is  less  than  that  of  the  same  thing  in  a  compact  mass, 
partly  because  the  continuity  of  the  substances  is  diminished,  and  also 
because  of  the  air  imprisoned  among  the  particles. 

Saw-dust  in  a  loose  state,  is  a  very  poor  conductor  of  heat,  much  poorer 
than  the  wood  of  which  it  was  formed.  Ice-houses  are  built  with  double  walls, 
between  which  dry  straw,  shavings,  or  saw-dust  are  placed,  keeping  the  interior 
eoi  1  by  excluding  the  heat.  Ice  wrapped  in  flannel  is  preserved  by  excluding 
the  warm  air.  Refrigerators  are  generally  double-walled  boxes,  the  space 
I^Atween  the  walls  being  filled  with  powdered  charcoal,  or  some  other  porous 
lon-condncting  substance.  (See  Ventilation  )  Similarly  constructed  vessels 
form  the  ordinary  water-coolers. 

Snow  is  made  up  of  crystalline  particles,  enclosing  a  large  quantity  of  air 
among  their  interstices,  which,  being  a  very  good  non-conductor,  prevents  the 
esci^M  of  the  heat  from  the  earth  and  limits  the  penetration  of  frost,  which 
always  reaches  a  much  greater  depth  in  winters  without  snow,  Uian  when  snow 
abounds  On  the  flanks  of  Mount  iBtna,  the  winter  snows  often  reach  near  to 
the  border  of  the  fertile  regions,  and  it  is  the  practice  of  the  mountaineers  to 
eorer  those  parts  of  the  snow  which  they  wish  to  preserve  for  summer  use,  with 
two  or  three  feet  thickness  of  volcanic  sand  and  powdered  pumice,  everywhere 
aboanding.  The  snow,  thus  protected,  remains  all  summer  under  an  almost 
tropical  sun,  and  is  distributed  from  these  natural  ice-housos  over  the  whole 
Island  of  Sicily.  There  exists  even  to  this  day  a  heavy  bed  of  ice  near  the 
summit  of  JBtna,  covered  first  by  an  eruption  of  ashes  and  sand  several  yards 
thick,  and  subsequently  by  a  flow  of  molten  lava,  many  centuries  since.  This 
store  of  i<^  has  been  opened  and  used  when  the  supply  below  on  the  mountain 
fell  short.  Straw-matting,  and  other  fibrous  materials,  being  poor  conductors, 
are  used  ti  envelop  tender  plants  and  trees  to  protect  them  from  severe  cold. 

625.  Clothing. — The  object  of  clothing,  in  cold  climates,  like  tb 
furs  and  feathers  of  animals,  's  (/>  prevent  the  escape  of  heat  from  tlic 
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body.  Fibrous  materials,  as  wool  and  fors,  are  best  adapted  for  clotL- 
ing,  because  they  are  themselves  very  poor  couductors  of  heat,  and 
likewise  contain  air  in  their  interstices. 

The  order  of  the  eondactibility  of  the  different  sabstanoes  used  for  elothiog, 
is  as  foIIofTB : — linen,  cotton,  silk,  wool,  furs.  Hence  a  woolen  garment  it 
warmer  than  one  of  cotton,  or  silk,  or  linen.  The  linen  sheets  of  a  bed  feel  colder 
than  the  woolen  blankets,  because  they  are  better  conductors  of  heat.  Fine  olothi 
are  warmer  than  coarse  ones,  because  they  are  poorer  conductors  of  heat  In 
summer,  coarse  linen  goods  are  used,  because  they  allow  Uie  escape  of  heat  from 
the  body  more  readily  than  other  materials,  while  a  dress  of  fine,  close  wooleii 
goods,  \6  a  bettor  protection  from  the  cold  of  winter  than  anything  elie^ 
excepting  furs.  A  thick  dress  of  non-conducting  material  is  sometimes  nsad 
to  exclude  beat,  as  when  workmen  enter  a  hot  furnace  in  certain  manafactaring 
processes. 

II.    CONVECTION. 

626.  Convection. — Although  liquids  and  gases  are  very  poor  con- 
ductors of  heat,  yet  they  admit  of  being  rapidly  heated  by  a  process 
of  circulation  called  convection,  and  which  depends  upon  the  free 
mobility  of  their  particles.  The  particles  of  liquids  and  gases  in 
immediate  contact  with  the  source  of  heat,  becoming  warm,  and  also 
specifically  lighter,  rise,  and,  moving  away,  make  room  for  others ;  this 
is  continued  until  all  the  particles  attain  the  same  temperature.  Cur- 
rents are  thus  produced  both  in  water  and  air. 

627.  Convection  in  liquida. — The  circulation  just  mentioned  may 
be  rendered  visible  by  heating  in  a  flask,  water  containing  a  little  bran 

475  or  amber  (or  other  substance  of  about  the  same  density 

as  water),  over  a  spirit  lamp,  as  shown  in  fig.  475. 

The  particles  of  liquid  at  the  bottom  of  the  vessel, 
wliere  the  heat  is  applied,  becoming  heated,  rise,  and 
other  particles  of  colder  liquid  come  in  below,  and 
supply  their  place.  Thus  two  systems  of  currents  are 
formed.  In  the  centre  of  the  jar,  currents  of  the  hot 
particles  ascend,  and  descending  currents  of  colder 
particles,  flow  down  the  sides ;  this  circulation  con- 
tinues  until  the  whole  mass  has  attained  the  same 
temperature. 

Anything  that  checks  this  free  circulation,  and  occasions  viscidity,  impedes 
the  heating  of  the  liquid,  and  likewise  prevents  its  rapid  cooling. 

Starch  and  gum,  during  boiling,  require  to  be  constantly  stirred,  for  the  put' 
pose  of  presenting  fresh  surfaces  to  the  action  of  the  beat,  and  preventing  por- 
tions from  adhering  to  the  hot  bottom,  and  thus  being  charred. 

628.  Correnta  in  the  ocean. — In  consequence  of  the  unequal  heat 
to  which  the  waters  of  the  ocean  in  diffen^nt  parte  are  subjected,  ca^ 
rents  of  great  constancy  and  regularity  are  formed.    Under  the  tropic^ 
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the  waters  leoome  highly  heated  and  flow  off  on  cither  side  tox^ards  the 
poles,  while  other  colder  currents  flow  from  the  pole:)  towards  the  equa- 
tor. These  currents  are  modified  in  their  direction  by  the  form  and 
distribution  of  land  and  water  on  the  surface  of  the  earth,  and  the 
rotation  of  the  earth  upon  its  axis. 

One  of  these  currentB  (called  for  that  reason  the  Gulf  Streain)  is  directed 
into  the  Gulf  of  Mexico,  around  the  frestern  end  of  Cuba,  and  sweeping  through 
it)  passes  by  the  narrow  channel  between  Florida  and  the  Bahama  Islands.  It 
has  a  temperature  S°  ur  10^  F.  higher  than  that  of  the  surrounding  ocean. 
This  current  passes  northward,  parallel  to  the  coast  of  the  United  States, 
gradually  widening  and  becoming  less  marked,  and  finally  is  directed  toward 
the  frozen  ocean  and  British  Islands.  It  carries  away  the  excess  uf  heat  from 
the  Antilles,  and  warm  regions  near  the  equator,  beyond  the  western  Atlantic, 
ameliorating  the  climate  of  the  British  Islands  and  all  north-western  Europe. 

The  researches  of  the  U.  S.  Coast  Survey  have  greatly  extended  our  know- 
ledge of  this  remarkable  river  of  the  ocean  (or  rather  union  of  many  rivers  uf 
warm  water),  first  brought  to  the  notice  of  the  scientific  world  by  the  illustrious 
Franklin  in  1770. 

111.     RADIATION. 

629.  Radiation  of  heat. — Hot  bodies  radiate  heat  equally  in  all 
directions.  Radiant  heat  proceeds  in  straight  lines,  diverging  in  every 
direction  from  the  points  where  Jt  emanates.  These  diverging  lines 
are  called  thermal  rays,  or  heat  rays.  Heat  rays  continue  to  issue  from 
a  hot  body,  through  the  whole  process  of  its  cooling,  until  it  §inks  to  the 
actual  temperature  of  the  air,  or  surrounding  medium.  It  is  generally 
by  radiation,  that  bodies  become  heated  at  a  distance  from  the  source 
of  heat. 

Standing  before  a  fire,  or  in  the  sun's  light,  we  feel  the  genial  influ- 
ence of  the  heat  radiated  from  these  sources.  A  candle,  or  gas  light, 
gives  off  its  heat  as  it  does  its  light,  in*  all  directions.  A  thermometer, 
placed  at  equal  distances  nround  the  flame,  indicates  the  same  tempera- 
tare. 

630.  Radiant  heat  is  but  partially  absorbed  by  the  media 
through  'vrhich  it  psuises,  and  is  not  Kenslbly  affected  by  any  motion 
of  the  media,  as  of  winds  in  air. 

The  sun's  rays  lose  about  one-fourth  (0*277)  of  their  heat  in  passing 
through  the  atmosphere,  the  remainder  being  absorbed  or  reflected  at 
the  surface  of  the  earth.  The  air  receives,  however,  the  greater  part 
of  its  warmth  by  reflection,  conduction,  and  convection,  from  the  sur- 
face of  the  earth  thus  heated  by  the  sun. 

We  receive  warmth  from  the  fire  upon  our  persons,  although  the  air 
reqfiains  cold,  and  may  be  continually  renewed. 

The  conduction  of  heat  is  probably  internal  radiation  from  particle  to 
particle;   for  the  material   atoms  of  which   any   substance  consists,  are  not 
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■nppoisd  to  tw  is  abiolnta  conUot,  alUioDgfa  held  nau  uoh  otbar  bj  a  itjoni 

631.  iDtenalty  of  radiant  heat. — The  inteDsity  of  radiaot  beat  U 

accordia);  to  the  fi)lli)wing  laws: — 

lat.  II 13  proportional  to  Ike  Itmperalure  of  the  tource. 

2d.  II  is  inBtrtdy  at  Ike  square  aj'lke  dulatux/ron  tht  lource. 

.td.  It  U  greater  in  proportion  an  tKe  rayi  are  emitled  in  a  dirteHon 
more  nearly  perpeitdicular  to  the  radiating  turjaee. 

of  but,  hBving,  for  eiHmpIe,  the  tempenturet  uf  lOS",  150°,  ud  2W>,  th« 

2d.  Thiia,  the  beniiug  effocC  of  ■  body  U  ■  diBtaon  of  (wo  feat  ii  oalj  <m*- 
burtb,  at  tbreo  feet,  oue-iiiDth,  and  at  fuur  reel,  ane-aiiteenth  of  ohal  It  ii  at 
one  foot. 

Thit  lav  mBf  be  eiemplifled  b;  auppoeing  two  globe*,  one  of  one  font  diwuo- 
Ur,  tba  other  of  Iwo  feel  diamoler,  baTing  a  body  equally  heated  in  bolb.     Th* 

qoeatly,  each  tquare  inch  of  the  larger  one  trill   rw^ive  unl;  one-fDaitli  ai 
mncb  beat  a>  each  vquani  iocb  of  the  emaller  oae,  vbile  the  diiUnea  U  Ihia 

3d.  Tbia  law  may  be  demonatr&Md  by  the  app&rMua,  Dg.  416,     Id  the  focna 

of  the  mirror,  a  tbermoacope,  /,  is  placed.     A  A,  B  B,  are  acreoDI,  piersed  wilti 

4TB 


poiisl,  and  CODaecjuenlly  a  gi 
yet.  ai  Iho  lame  effect  is  pro 


isity  dim 


so,  there  ia  a  gnaier  aarikce  ei- 
at-rHys  paii  throngh  the  scmn; 
rayt  must  be  lesa  interna  tfaaa 
ig  with  their  obliquity. 


G32.  Law  of  cooling  by  ladlatlon. — NewtOQ  aappoaod  that  tiM 
rapidity  uf  cmlint;  of  a  biHly  wna  pniportionfil  to  the  difference  betweea 
its  temperature  nnd  (lint  of  die  lurraiindinR  medium.  This  Inw  ia  cor- 
rect iiuly  Tiir  thor^e  hiidiea  differing  in  temperature  not  (nore  tfaan  15° or 
WC.  (artoCR-F.) 

Dulong  and  Petit  made  elaborate  iDveatigations  npon  thia  autijwb 
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And  determined  that  where  the  heated  body  was  placed  in  Tacuo  at 
temperatures  ascending  according  to  the  terms  of  an  arithmetic  pro> 
gression,  the  rapidity  of  cooling  increased  according  to  the  terms  of  n 
geometric  progression,  diminished,  however,  by  a  constant  quantit}', 
this  constant  being  the  beat  radiated  back  upon  the  cooling  body  from 
the  walls  of  the  confining  vessel.  If  the  temperature  of  the  vessel, 
and  that  of  the  heated  body,  were  both  raised  according  to  the  terms  of 
an  arithmetic  progression,  so  that  the  difference  between  the  two  was 
always  constant,  the  rate  of  cooling  increased  according  to  the  terms 
of  a  geometric  progression. 

Radiation  is  found  to  take  place  more  freely  in  vacuo  than  in  air. 

633.  Universal  radiation  of  heat. — Ileat  is  radiated  from  all 
bodies,  at  all  times,  whether  their  temperature  be  the  same  as,  or 
different  from,  that  of  surrounding  bodies ;  for  it  is  the  tendency  of 
heat  to  place  itself  in  equilibrium. 

In  an  apartment  where  all  the  articlea  are  of  the  same  temperature,  each  re- 
ceives as  mnoh  heat  as  it  radiates,  and,  consequently,  their  temperatare  remains 
stationary.  Where  some  bodies  are  warmer  than  others,  the  warmer  radiate 
more  than  they  receive,  until  finally  all*  attain  the  same  temperature.  Hence 
all  bodies,  however  cold,  will  warm  bodies  colder  than  themselves ;  thus,  frozen 
mercury,  placed  in  a  cavity  of  ice,  will  be  melted  by  the  heat  received  from 
th«ioe. 

634.  Apparent  radiation  of  oold  takes  place  when  two  parabohv 
mirrors  are  placed  opposite  to  each  other,  having  a  delicate  thermome- 
ter in  the  focus  of  one,  and  a  mass  of  ice  suspended  in  that  of  the 
other.  The  temperature  of  the  thermometer  will  be  seen  to  fall,  appa- 
rently by  the  radiation  of  cold  from  the  ice.  The  true  explanation  is, 
that  the  thermometer  is  warmer  than  the  ice,  and  radiating  more  heat 
than  it  receives,  thus  loses  heat,  and  the  temperature  falls.  If  the  ther- 
mometer had  been  at  a  lower  temperature  than  the  ice,  the  phenomenon 
would  have  been  reversed. 

The  following  remarkable  instanoe  of  the  apparent  fooalisation  of  cold,  is 
•zplained  in  a  similar  manner.  The  experiment  is  due  to  the  Florentine 
Academician  Porta  in  the  sixteenth  century.  If  a  parabolic  mirror  is  placed 
with  its  axis  pointing  towards  the  sun,  the  heat-rays  will  be  reflected  to  the 
focus  of  the  mirror.  But  if  the  mirror  be  turned  so  as  to  face  the  clear  blue 
sky,  its  focus  becomes  a  focus  of  cold,  and  a  delicate  thermometer  placed  at  that 
point  will  sink,  in  clear  weather,  a  few  degrees  in  the  day  time,  and  as  much 
as  17^  F.  at  night.  This  phenomenon  is  thus  accounted  for: — the  thermometer 
is  eonstaaily  radiating  heat  in  all  directions ;  the  mirror,  being  a  paraboloid, 
reflects  to  its  foeus  only  those  rays  that  come  in  a  direction  parallel  to  its  axis. 
In  that  direction  no  rays  come,  for  there  is  no  source  to  reflect  them,  conse- 
quently the  temperature  of  the  thermometer  falls.  If  a  cloud  passes  over  the 
WLis  of  the  mirror,  the  thermometer  instantly  rises  to  its  usual  height. 
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j  Ti.  Action  of  dlSetent  Bodies  upon  Heal 

GtlS.  Reflection  of  heat. —Co uj agate  minon.  —  Itniiiaiit  jeat. 
like  lij;lit,  IB  roHciUled  nl  Uiu  eume  iui)i;l«  HC  wbiL-li  ii  filla  iipnn  anv  re- 
flecting suHkoe.  This  law  in  rc<ipccC  lu  light  hns  Ixjen  full;  illustntted 
in  the  chapter  on  that  Rubject. 

If  a  plwe  of  bright  tin-pUta  ii  halil  in  micb  ■  poiiliun  m  to  ruflerl  Iha  lif-ht 
of  a  nlear  flm  iiitu  tbs  taee,  tin  icnskt'ma  of  boat  will  bn  ftlL  tbe  mnmiiiit 
light  ii  iMii. 

■tribing  nianiiBr  fa;  th«  aii{jaratu>  rMtii  Ibo  piiryugiW  miirori.  Dg.  471,  c 
lilting  of  twu  alniilar  paraboUti  mirmra, 

at  ■  diBUNM  of  ten  or  Imilrc  tnL     Ir 

l)dd},  M  a  mKa)  of  red-bot  irun,  and  it 
the  other  a  purtiun  or  an  inflammnbli 
■nbataiiM),  aa  gunpowdor  or  pbwpbiinis 
Carlain  of  tbo  hBat^raji  pasa  dinwfh 
ttoia  A  Id  B  ;  tha  greater  part.  haKFVrr 
reach  B,  b;  being  twin  reBeplcd.  Tin 
raja  emittfld  fruttj  A  arfl  rafliwrfld  Hv  tb< 
mirror,  M.  in  a  directino  paraliel  (<>  it: 
own  aaia ;  Iheae  raj.  are  reaeived  hj  ll,. 
■Bcnud  mirror,  N,  and.  bj  nUttO.ii.n,  ar. 
eoDTSTud  to  tha  focaa  B,  Igniting  lb<  gii 

Tbe  reflei^tion  of  heat 
laws  oa  ill  air. 

636.  Deteimination  of  lefleetlve  power. — DifTercul  bndiM  pea- 
ie«a  wry  diffHrent  imwerg  of  ra- 
flwtiuii.    This  is  well  illustrated 
bj  tlie  appsrntUB,  Gg.  478,  de- 
signed \iy  Leslie. 

The  aoar™  of  boat   ia  a  cubical 
Hd  DaniaUT,  M.  fillvd  wilb   boiling 

vhuae  reflcativa  povrar  ia  to  be  i 

n>r  and  i'u  focu..     Tho  raja  of  b 
■miuod  from  M,  ohicb  are  dirwtni  j 

upon   the   plate   n.  and   ttom   thia, 
upon  the  bnib  of  the  thermosoope 
brought  to  a  fmua.     Tbo  timparalui 
Tarj  with  Ilia  nature  of  tljcpUliia. 
Tbr  nausoa  wbicb  m<>dif}  Ibu  reBe> 


r  pbn?phoniB  placed  al 
taken  pluce  accurdiag  to  tbe  b 
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637.  Absorptive  po^wez. — Different  bodieK  possess  very  different 
powers  of  absorbing  the  heat  thrown  upon  them.  The  absorptive 
Dower  of  a  body  is  always  in  the  inverse  ratio  of  its  reflective  power ; 
that  is,  the  best  reflectors  are  the  worst  absorbents,  and  vice  versa. 

The  absorptive  power  of  bodies  may  be  determiDed  by  a  modification  of  the 
apparatus,  fig.  478.  At  the  focas  of  the  mirror,  N,  is  placed  the  bulb  of  a  ther- 
moscope,  which  is  successively  covered  with  different  substances,  as  with  lamp- 
black, Indian  ink,  gam  lac,  metallic  leaf,  Ac.  Leslie  has  been  the  principal 
experimenter  in  this  department  of  heat.  A  smoke-blackened  surface,  and  a 
surface  covered  with  carbonate  of  lead,  abMorb  nearly  all  the  radiant  heat  thrown 
upon  them ;  glasj,  j^j  ;  polished  cast  iron,  -f^^  ;  tin,  j^^f^  ;  silver,  yjg.  Table 
no.  VIII.,  Appendix,  gives  the  results  obtained  by  Messrs.  de  la  Provostaye 
and  Desains. 

All  black  and  dull  surfaces  absorb  heat  very  rapidly  when  exposed  to  its 
aetion,  and  part  with  it  again  slowly  by  secondary  radiation.  The  different 
powers  of  absorption,  possessed  by  the  different  colors,  may  be  illustrated  by 
repeating  Franklin's  experiment.  Pieces  of  the  same  kind  of  cloth,  of  different 
colors,  were  placed  upon  the  snow ;  the  black  cloth  absorbed  the  most  heat,  so 
that  after  a  time  it  sunk  into  the  melted  snow  beneath  it,  while  the  white  cloth 
produced  but  little  effect ;  the  other  colored  cloths  produced  intermediate  effects. 
Ranged  according  to  their  absorbent  powers,  we  have,  1.  Black  (warmest  of 
all);  2.  Violet;  3.  Indigo;  4.  Blue;  5.  Green;  6.  Red;  7.  Yellow;  and  8.  White 
(eoldest  of  all). 

638.  Emissive  or  radiating  poiirer. — The  earliest,  and  some  of  the 
mcwt  valuable,  observations  upon  this  subject,  were  published  by  Sir 
John  Leslie,  in  his  Essay  on  Ileat,  in  1804.  Leslie  proved  that  the 
rate  of  cooling  of  a  hot  body  is  more  influenced  by  the  state  of  its 
surface,  than  the  nature  of  its  substance.  It  also  varies  greatly  with 
different  substances,  as  may  be  seen  in  the  table  below. 

Leslie  employed  in  his  experiments  the  apparatus,  fig.  478.  A  bulb  of  a 
thermoscope  was  placed  in  the  focus  of  the  mirror,  the  other  bulb  being  pro- 
tected from  the  radiant  heat  by  a  screen.  The  cubical  vessel  containing  boiling 
water,  has  its  lateral  faces  covered  with  different  substances,  which  are  succes- 
sively turned  toward  the  mirror. 

The  table  below  gives  the  results  as  obtained  by  Leslie.  Lampblack,  pos- 
sessing the  greatest  emissive  power,  is  called  100. 


Lampblack    .    . 

.  100 

Water  (by  calc'n) 

.  100 

Writing  paper    . 

.     98 

Sealing  wax 

.     95 

Crown  glass  .    . 

.     90 

1 


Indian  ink       ...  88 

[ce 85 

Minium 80 

Plumbago    ....  75 
Tarnished  lead     .     .  45 


Polished  lead  .     .     .19 
Mercury       ....  20 
Polished  iron   .     .     .15 
silver,  tin, 
copper,  gold,  12 


(( 


it 


Meatn.  De  la  Provostaye  and  Desains,  and  also  Melloni,  have  obtained  results 
differing  somewhat  from  those  of  Leslie.  See  Table  VI.,  Appendix.  Melloni 
foond  that  the  radiant  and  absorbent  powers  of  surfaces  were  not  always  pro- 
portional, as  the  following  table  shows  : — 


LampblMilE 

Absorptive  power  .     100 
Radiant  power  100 

40 


Carbonate  of  L«sd. 

China  Ink. 

TiinglaM. 

La« 

VeUUIc  Surfkec. 

53 

96 

52 

52 

14 

100 

85 

91 

72 

12 
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Mellcui  baa  also  found  that  the  absorbeDt  power  of  surfaoen  Taried  oontiier- 
ably,  according  to  the  source  of  the  radiation,  and  the  temperature  of  (he 
rati  ant  body.     (See  Tubie  IX.) 

!from  Melloni's  experiments  may  be  drawn  the  following  concluBions  : — 

1.  That  bodies  agree  very  nearly,  but  not  exactly,  in  their  emitting  and 
absorbent  powers. 

2.  That  their  absorbent  power  varies  very  remarkably  with  the  origin  a^i 
intensity  of  the  calorific  rays 

3.  That  tkey  approach  each  other  more  and  more  in  their  power  of  emitting 
and  absorbing  rays  of  heat,  when  the  temperature  approaches  that  of  boiling 
water ;  and  that,  when  at  exactly  that  temperature,  the  emitting  and  absorbent 
powers  coincide. 

630.  Causes  which  modify  the  emissive,  absorbent,  and 
reflective  powers  of  bodies. — N  a  only  du  different  bodies  possess 
the  powers  of  retleotion,  absorption,  and  emission  in  different  degrees, 
but  the  physical  condition  of  the  material  affects  them  in  an  important 
manner.  So  also  tlic  obliquity  of  the  incident  rays,  the  source  of  heat, 
and  the  tliickness  of  the  superdcial  layer,  exercise  great  influence. 

The  absorbent  and  emissive  powers  of  metallic  plates  are  diminished  if  they 
are  hammered  or  polished.  The  opposit-e  effect  is  produced  if  the  plates  ar« 
scratched  or  roughened.  This  is  doubtless  owing  to  the  change  in  density  which 
the  superficial  layers  of  the  plates  undergo  by  these  operations.  For  the  sama 
reason,  the  reflective  power  of  a  substance  is  generally  increased  by  polishing 
or  hammering,  and  dimin itched  by  roughening  or  scratching  it;  which  latter 
also  causes  a  portion  of^tbe  heat  to  be  irregularly  reflected.  That  this  is  the 
true  explanation  is  probable  from  the  fact,  that  if  such  materials  as  ivory  or 
coal  are  taken,  whose  density  will  not  be  changed  by  roughening  or  polishing, 
the  reflective  and  absorbent  powers  remain  the  same. 

The  thickness  of  the  superficial  layer  has  an  influence  on  the  reflective  power 
of  bodies.  Leslie  covered  a  mirror  with  successive  coatings  of  varnish ;  the 
reflection  diminished  as  the  number  of  layers  increased,  until  their  thickness 
amounted  to  twenty-five  thousandths  of  a  millimetre,  when  it  remained  con- 
stant. While  a  vessel  covered  with  layers  of  varnish  or  jelly  had  its  emissive 
power  increased  with  the  number  of  layers,  until  they  reached  sixteen  (with  a 
thickness  of  0*034  m.  m.),  when  it  remained  constant,  even  upon  the  addition 
of  other  layers.  The  abs«>rbent  power  of  substances  varies  with  the  nature 
of  the  source  of  heat.  Thus  a  substance  covered  with  white  lead,  absorbs 
nearly  all  the  thermal  rays  from  copper,  heated  to  212°  F. ;  56  of  those  fVom 
incandescent  platinum ;  and  53  of  those  from  an -oil  lamp.  Lampblack  is  the 
only  8ul).stance  which  absorbs  all  the  thermal  rays,  whatever  be  the  source  of 
heat.     This  subject  has  been  ably  treated  by  Prof.  A.  D.  Bache.* 

The  absorpVve  power  varies  with  the  inclination  of  the  incident  rays;  th« 
smaller  the  ongle  of  incidence  the  greater  is  the  absorption.  This  is  one  of  the 
reasons  why  the  sun  heats  the  earth  more  in  summer  and  less  in  winter. 

The  reflective  power  of  glass  increases  with  the  angle  of  incidence,  bat  with 
metallic  surfaces  the  proportion  of  heat  reflected  diminishes  with  the  angle  of 
incidence,  and  is  the  same  as  the  proportion  of  light  reflected,  |  407. 

C40.  Applications  of  the   powers  of  reflection,   absorption, 


*  Am.  Jour.  Sci.  [1]  XXX.  IC.  1836. 


HEAT.  443 

and  radiation  are  often  made  in  the  economical  use  of  beat     We 
shall  refer  only  to  the  more  familiar  examples. 

Meat-roasters  and  Dutch-ovens  are  constructed  of  bright  tin,  t  >  direct  the 
heat  from  the  fire  upon  the  article  cooking. 

Hoar  frost  remuns  longer  in  the  presence  of  the  morning  sun  upon  light- 
eolored  objects  than  upon  the  d&rk  soil,  because  the  latter  absorbs  much  of  the 
heat,  while  the  former,  reflecting  it,  romuin  too  cold  to  thaw  the  frost.  Water  is 
slowly  heated  in  bright  metallic  vessels,  as  in  a  silver  cup  or  a  clean  bright 
kettle,  because  they  are  poor  absorbents,  but  if  the  sides  and  bottom  of  the 
vessels  become  covered  with  soot,  the  water  is  heated  quickly. 

To  keep  a  liqaid  warm  it  should  be  contained  in  a  vessel  composed  of  a  poor 
radiating  material.  Hence  if  tea  and  coffee  pots,  Ac,  are  made  of  polished 
metal  they  retain  the  heat  much  longer  than  those  which  have  a  dull  surface  or 
are  c .  jq posed  of  earthenware. 

btuves  of  polished  sheet-iron  radiate  less  heat,  but  keep  hot  longer  than  those 
made  of  cast-iron  with  a  rough  and  dull  surface. 

Pipes  conveying  steam  should  be  kept  bright  or  thoroughly  covered  with  felt 
or  cloth  until  they  reach  the  apartments  to  be  warmed,  and  there  their  surfaces 
should  be  blackened  in  order  to  favor  the  process  of  radiation. 

II.     DIATHERMANCY. 

641.  Transmission  of  radiant  heat. — Light  passes  through  all 

transparent  bodies  from  whatever  source  it  may  come.     The  rays  of 

heat  from  the  sun  also,  like  the  rays  of  light  from  the  same  luminary, 

pass  through  transparent  substances  with  little  change  or  loss.   Radiant 

heat,  however,  from  terrestrial  sources,  whether  luminous  or  not,  is  in 

a  great  measure  arrested  by  many  transparent  substances  as  well  as  by 

those  which  are  opaque. 

The  glass  of  our  windows  remains  cold,  while  the  heat  of  the  sun,  passing 
through  it,  warms  the  room.  A  plate  of  glass  held  before  the  fire  stops  a  large 
part  of  the  heat,  although  the  light  is  not  sensibly  diminished. 

Melloni  terms  those  bodies  which  transmit  heat  diathermanous^  or 
diathermic  (from  the  Greek,  did,  though,  and  0sp/iai\^io,  to  heat) ;  those 
bodies  which  do  not  allow  this  transmission  of  heat  lire  termed  alher- 
manouSf  or  ctdiathermanic  (from  cUpha,  privative,  and  Ospfxaivm). 

It  appears  that  many  substances  are  eminently  diathermanous,  which 
are  almost  opaque  to  light;  smoky  quartz  for  example. 

Prevost  of  Geneva,  and  De  la  Roche,  in  France,  in  1811  and 
1812,  discovered  many  of  the  phenomena  of  diathermanous  bodies,  but 
it  is  from  the  beautiful  researches  of  Melloni,  in  1832 — 1848,  that  our 
knowledge  upon  this  subject  has  been  chiefly  derived.  Melloni,  called 
by  De  la  Rive  "  the  Newton  of  heat,"  died  of  cholera  at  Naples,  in 
August,  1854. 

642.  MeUoni*B  apparatos.-^The  apparatus  used  by  Melloni  in  his 
researches  upon  the  transmission  of  heat,  is  represented  in  all  its 
Msential  details  in  fig.  479 
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Qlj).  In&aence  of  the  Bubstanoe  of  scieeus. — Id  experi  men  ling 

with  liquidn,  tho^  were  placed  id  glass  uelts.  Tlis  Etrittum  of  liquid 
wKs  9'21  iii.m.  (-362iD.)  id  llibkness.  The  source  i>r  lietit  used  wu 
an  nrgnnd  oil  Inmp. 

The  iTidependenue  of  transpBrenc;  aDd  diathermnDoj  waB  clearly 
shown  in  those  researuhea,  for  it  was  found  that  the  bisulphid  if 
carhuD  transmitted  three  times  as  ninnj  heat-rajn  a»  other,  four  times 
US  Dinnj  as  aluohol.  and  more  than  five  times  as  manj^  m  wnler, 
although  thefie  liquidn  are  equally  transparent  and  culiirless.  Table  X 
given  the  diallinrmancjr  of  differcut  liquids. 

It  is  fiiund  that  these  Nolids  which  are  traDspurant  to  light  du  out 
necesnarily  allow  ttie  pnHsage  of  beat,  and  vice  errta.  Thus  eulpbaw 
of  copper  IranF'miLi  the  blue  nij's  of  light,  but  entirelj  arresla  the  mji 
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of  heat.  Again,  black  mica,  smoked  rock-salt,  and  opaque  black  glass, 
transmit  a  considerable  portion  of  the  heat-rays,  but  prevent  the 
passage  of  light. 

Rock-salt  is  the  only  substance  that  permits  an  equal  amount  of  heat 
from  all  sources  to  pass  through  it.  Melloni  experimented  with  plutcd 
of  this  substance  of  a  thickness  varying  from  one-twelfth  of  an  inch  to 
two  or  three  inches,  and  in  all  cases  92*3  of  100  rays  incident  upon 
them  were  transmitted.  The  loss  of  7'7  per  cent,  being  duo  to  a 
aniform  quantity  which  is  reflected  at  the  two  surfaces  of  the  plate. 
Rock  salt  is,  therefore,  to  heat,  what  clear  glass  is  to  light,  and  well 
deserves  the  name  which  Melloni  gave  it,  of  the  glass  of  heat 

The  diathermanic  power  of  different  solids  for  different  sources  of  heat 
may  be  found  in  detail  in  Table  XIII. 

644.  Influence  of  the  material  and  natnre  of  the  sonrce. — The 
quantity  of  heat  transmitted  through  different  solids  of  the  same  thick- 
ness is  very  variable.  The  nature  of  the  source  of  beat  exercises  a 
great  influence  on  the  diathermanic  power  of  bodies.  Melloni,  in  his 
experiments,  used  four  sources  of  heat,  viz. :  1.  The  naked  flame  of  a 
lamp ;  2.  Incandescent  platinum  ;  3.  Copper  heated  to  700°  F. ;  and, 
4.  Copper  heated  to  212''  F. 

645.  Other  cauBes  which  modify  the  diathermanic  power  of 

bodies  are  the  degree  of  polish,  the  thickness  and  number  of  the 

screens,  and  also  the  nature  of  the  screens  through  which  the  heat  has 

been  previously  transmitted. 

The  quantity  of  heat  which  a  diathermanic  body  traDsmits,  increases  with  the 
degree  of  polish  of  its  sarface.  The  diathermanto  power  of  a  body  diminishes  with 
its  thickness,  althoagh  according  to  a  less  rapid  rate.  Thus  with  four  plates  whose 
thickness  was  as  the  numbers  1,  2,  3,  4 ;  of  1000  rays,  the  quantity  absorbed  by 
each  was,  respectively,  619,  577,  658,  549 :  so  that  beyond  a  certain  thickness 
of  the  body,  the  quantity  of  heat  it  can  transmit  remains  nearly  constant.  Rock- 
salt  is  the  only  exception  to  this  law ;  it  always  allows  the  same  quantity  of  heat 
to  pass  through  it,  at  least  for  thicknesses  between  2  and  40  m.  m.  ('0787  and 
1-575  in.) 

The  increase  of  the  number  of  screens  produces  an  effect  similar  to 

an  increase  of  thickness.    If  many  plates  of  the  same  kind  are  placed 

together,  they  absorb  more  heat  than  one  plate  having  the  combined 

thickness  of  several,  owing  to  the  numerous  surfaces. 

The  thermal  rays  which  have  passed  through  one  or  more  diathermanic  bodies, 
are  so  modified,  that  they  pass  with  more  facility  through  other  diathermanic 
bodies  than  direct  rays  do.  Thus  the  heat  from  an  argand  lamp,  where  the 
flame  is  surrounded  with  a  glass  chimney,  differs  much  in  its  transmissibiliMr 
from  the  heat  of  a  Looatelli  lamp,  where  the  flame  is  free  and  open.  Thus  m 
making  use  of  mi  argand  lamp  surrounded  with  a  glass  chimney,  and  a  Loca* 
u»lli  lamp  which  is  not  thus  protected,  Melloni  obtained  the  following  results. 

40» 
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TABLE  OF  UEAT  TRANSMITTED  FROM  DIFFERENT  SOCRCC8 


or  lUO  r*yi«. 


Rock-salt  transmitted 

loelanil  spar     ** 

Quarti  (limpid)  blackened,  transmitted 

Sulphate  of  lim<)  " 

Alum  " 


Argaod  lamp. 

Lo(«teUi  lamp. 

^2 

92 

62 

39 
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20 
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C46.  Thermochrosy,  or  heatrcoloration  (Oepfio^,  heat,  and  j^pmfui^ 
color). — As  NewtoQ  has  shown  that  a  pencil  of  white  light  is  composeil 
of  different  colored  rays,  which  are  unequally  absorbed  and  transmitted 
by  different  media,  and  which  may  be  combined  together  or  isolated, 
so  Melloni  argues  from  his  results,  that  there  are  different  species  of 
calorific  rays  omitted  simultaneously  in  variable  proportions  by  the 
different  sources  of  heat,  and  possessing  the  property  of  being  trans- 
mitted more  or  less  easily  through  screens  of  various  substances. 

If  a  pencil  of  solar  light  falls  successiTely  upon  two  plates  of  colored  glass, 
one  red  and  the  other  blnish-green,  it  will  be  wholly  absorbed,  the  second  plata 
absorbing  all  the  rays  transmitted  by  the  firsL  This  is  precisely  analogous  to 
what  may  happen  with  a  thermal  pencil,  its  entire  absorption  being  caused  by 
passing  it  through  two  media  successively,  each  of  which  absorbs  the  rays 
transmitted  by  the  other.  Viewed  in  this  manner,  it  may  be  said  that  rock-salt 
is  colorless  as  respects  heat,  while  alum,  ice,  and  sugar-candy,  are  almost  black. 
It  is  a  fact  of  common  observation,  that  snow  melts  more  quickly  under  trees 
and  bushes  than  in  those  spots  which  receive  the  direct  rays  of  the  sun.  This 
is  proved  by  Melloni  to  be  owing  to  the  fact,  that  the  rays  emitted  by  the  heated 
branches  are  of  a  different  nature  from  the  direct  rays  of  the  sun,  and  more 
easily  absorbed  by  snow  than  the  latter. 

647.  Applications  of  the  diathermancy  of  bodies. — The  air  is 
undoubtedly  very  diathermanic,  or  else  the  upper  layers  would  be  heated 
by  the  solar  rays  passing  through  them,  while  we  know  that  they  are 
only  slightly  heated  by  this  means. 

In  certain  processes  of  the  arts,  workmen  protect  their  faces  by  a 
glass  mask,  which  allows  the  passage  of  the  light  but  arrests  the  heat 

In  certain  physical  experiments,  where  heat  is  to  be  avoided,  the 
light  is  first  passed  through  a  solution  or  plate  of  alum,  whereby  the 
heat  is  arrested.  On  the  contrary,  if  the  heat  is  directed  upon  rock-salt 
covered  with  lampblack,  the  light  is  arrested  but  the  heat  passes  through 
but  slightly  diminished. 

648.  Refraction  of  heat. — Heat,  like  light,  is  refracted,  or  bent 
out  of  its  course,  in  passing  obliquely  through  diathermanic  bodies,  as 
is  shown  by  the  burning-glass.     A  double  convex  lens,  fig.  4^(0,  con* 
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Aentrates  the  rays  of  beat  from  the  sun,  or  other  heated  body,  in 
the  same  manner  as  it  concentrates  the  rays  of  light.  It  is  only 
with  a  lens  of  rock-salt,  that  the  rays  490 

of  all  our  sources  of  heat  can  be  con. 

densed,  for  a  lens  of  glass  concentrates  =^ 

only  the  solar  rays,  and  becomes  itself 

heated  by  artificial  heat.  H ^^B— ^I^^^I^^E. 

A   lens  of  ice   wafl   made   in   England   in 

176.3,  haTing  a  diameter  of  3  metres  (118112 
in.),  at  whose  foens  gunpowder,  paper,  and  — — 
other  combustibles  were  inflamed.  Burning- 
glasses  hare  generally  more  power  than  mirrors  of  equal  diameter.  Both  pro- 
duce their  more  intense  effects  on  high  mountains  after  a  fall  of  snow,  for  then 
the  air  is  free  from  moisture,  and  the  solar  rays  lose  less  of  their  intensity  in 
passing  Uirongh  it 

649.  Polarisation  of  heat. — Heat  is  polarized  in  the  same  manner 

as  light     It  nndergoes'niouble  refraction  by  Iceland  spar,  and  the  two 

beams  are  polarized  in  planes  at  right  angles  to  each  other.     A  pencil 

of  heat,  polarized  by  a  plate  of  tourmaline,  or  by  a  NicoFs  prism,  is 

transmitted  or  intercepted  by  another  tourmaline  plate  or  Nicol's 

prism,  in   the  same  circumstances  that  a  pencil  of  polarized  light 

would  be  transmitted  or  Intercepted. 

Heat  also  suffers  a  rotation  of  its  plane  of  polarization,  by  plates  of  right  or 
left-handed  quarts,  in  the  same  direction,  and  to  the  same  extent  as  light  of  the 
same  refrangibility.  Polarization  of  heat  is  also  effected  by  reflection  from 
plates  of  glass,  or  by  repeated  refraction,  also  by  reflection  from  the  atmosphere, 
in  which  points  of  no  polarization  and  of  maximum  polarization  exist  cor- 
responding with  similar  points  in  regard  to  polarized  light  The  phenomena 
of  magnetic  rotary  polarization  of  heat  hare  also  been  observed. 

Prof.  Forbes  of  Edinburgh  first  demonstrated  the  polarization  of  heat. 
Knoblauch  has  obtained  distinct  evidence  of  the  diffraction  and  inter- 
ference of  the  rays  of  heat 

2  6.  Calorimetry. 

650.  Calorimetry. — The  amount  of  heat  required  to  produce  a  given 
temperature  varies  greatly  for  the  different  bodies  to  which  it  is  applied. 
Calorimetry  (from  color,  heat,  and  fisrpov,  measure)  is  the  measure* 
ment  of  the  quantity  of  heat  which  different  bodies  absorb  or  emit 
diirng  a  known  change  of  temperature,  or  when  they  change  their 
state.  Water  absorbs  or  emits  a  much  greater  quantity  of  heat  during 
a  change  of  temperature  than  the  same  weight  of  any  other  substance. 
It  is  therefore  selected  as  the  standard  of  comparison. 

Unit  of  Heat. — The  quantity  of  heat  which  is  required  to  raise 
a  pound  of  pure  water  fn)m  32^  to  33°  F.,  is  reckoned  as  the  unit  of 
heai,  or  thermal  unit,  both  in  this  country  and  in  England. 
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In  France,  and  in  Europe  generally,  the  thermal  anit  is  the  quantity 
of  heat  necessary  to  raise  one  kilogramme  (2*20486  lbs.)  of  water  from 
0*>  to  1*»  C. 

651.  Specific  heat. — If  equal  weights  of  water  and  mercury  at  the 
same  temperature  be  placed  over  the  same  source  of  heat,  it  will  be 
found,  that  the  mercury  becomes  heated  much  more  quickly  than  the 
water.  That  when  the  water  is  heated  10°  the  mercury  will  have 
become  heated  330° ;  the  capacity  of  water  for  heat  is,  therefore,  33 
times  as  great  as  that  of  mercury.  £ach  substance  in  this  regard  has 
its  own  capacity  for  heat.  This  relation  is  called  caloric  capacity^  or 
more  commonly,  specific  heat.  Table  XI.  contains  the  specific  heats  of 
certain  solids  and  liquids  as  determined  by  Regnault. 

Three  mcth(Kls  have  been  devised  for  determining  the  specific  heat 
of  bodies :  these  are,  1st,  the  method  of  mixture  ;  2d,  by  the  melting  of 
ice ;  3d,  by  cooling. 

Method  of  Mixture. — This  method  is  exceedingly  simple  in  theory, 
and,  with  suitable  care,  exact  in  its  results. 

In  determining  the  specific  heat  of  solids  by  this  method,  a  weighed  mass  of 
each  substance  is  heated  to  the  proper  degree,  and  is  then  plunged  into  a  mea- 
sure of  water  of  known  temperature  aud  weight  The  elevation  of  temperature 
produced  in  each  cuae  is  carefully  noted. 

If  a  pint  of  water  at  150°  be  mixed  quickly  with  a  pint  at  50®  F.,  the  two 
measured  of  water  will  have  a  temperature  of  100°,  or  the  arithmetical  mean  of 
the  two  temperatures  before  mixture.  If,  however,  a  measure  of  mercury  at  60® 
be  mingled  with  an  equal  measure  of  water  at  150°,  the  temperature  of  the 
mixture  will  be  118^.  The  mercury  has  gained  68°  while  the  water  has  lost 
.S2°.  Hence  it  is  inferred,  that  the  same  quantity  of  heat  will  raise  the  tempera- 
ture of  mercury  through  twice  as  many  degrees  as  that  of  an  eqnal  volame  of 
water,  and  thait  the  specific  heat  of  water  is  to  that  of  meroary  as  i  :  0*47  when 
compared  by  measure. 

If,  however,  equal  weights  of  these  bodies  be  taken,  the  resnlting  temperature 
is  then  still  more  in  contrast  A  pound  of  mercury  at  40°,  mixed  with  a  pound 
of  water  at  156°,  produces  a  mixture  whose  temperature  is  152®  8.  The  water 
loses  8°-7,  while  the  mercury  gains  1I2°*3,  and  therefore,  taking  the  specifio 
heat  of  water  as  1,  that  of  the  mercury  will  be  0*033,  since, 

112°-3  :  3°*7  =  1  :  *  =  (0*033.) 

Method  by  Fusion  of  Ice. — This  method  is  founded  on  the  quan 
tity  of  ice  melted  by  different  bodies  in  cooling  through  the  same  number 
of  degrees. 

Lavoisier  and  Laplaoe  contrived  the  apparatus,  fig.  481,  used  for  this  purpose, 
and  called  a  calorimeter.  It  consists  of  three  vessels  made  of  sheet  tin  or 
copper.  In  the  interior  vessel,  c,  pierced  with  holes  and  closed  by  a  double 
cover,  is  placed  the  substance  whose  specific  heat  is  to  be  determined.  This  ia 
entirely  surrounded  by  ice  contained  in  the  second  vessel,  b,  and  also  on  the 
cover  In  order  to  cut  oS*  the  heat  of  the  surrounding  air,  the  exterior  vessel,  a, 
i.«  alsir  filled  with  ice     The  water  from  the  ice  melted  in  this  outer  vessel,  passes 
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aS  b;  th*  ilop-oook,  r.  Tbe  bod;  jp  the  inMrior  reiMl,  gaoling,  icolu  lb*  i« 
■airoandlDg  it,  mud  Ibe  wa(«r  from  il  flowg  off  tbrungh  ths  iMp^ock,  i,  ud  ii 
welgbsd.  181 

Tbe  ipccifls  bent  ofdiffBraDl  ■ubaUncea  ii  dctcrmiDed 
in  tbu  appBratui  b;  tbs  camparative  weigbu  uf  the 


csd  dur 


(  the  e 


0  32'",  tbs  c 


1  agreed 


caruin   HBight  of  ei 
tcnperatun,  t.  g.  (212°  P.}.  <■ 
p«ratun  of  the  Tsaiel  C. 

The  ipeciflc  heat  ol  a  liqald  ia  dslennined  b;  placing 
it  in  a  Ttaaai.  aa  af  glaaa,  whoaa  speciSc  heat  ia  ItDoon. 
Tbe  amoant  of  i«  melted  bir  the  liqpid,  ii  tbe  whole 
qaantitj  of  water  produced,  mlna 
be  melted  b;  tbe  glaaa  alone. 

Tbia  method,  thoagh  excellent  in  principle,  is  lubject 
to  man;  inaecuraeiee,  and  ia  ouw  aeldum  employed 

The  metbod  of  ooollng  is  fuanded  on  th«  diSbreot  racei  of  cuoling 
uf  equal  mMseaof  different  substances;  those  haviog  the  greatest  specific 
heat  ouoliDg  most  slowlj. 

The  applicatJiin  of  this  method  is  also  attended  with  so  manj  Bourcea 
of  error  that  it  is  seldom  employed,  and  need  not  be  described. 

Speolfio  heat  aBected  by  obaage  of  atato. — A  bodj'  in  the  liquid 

ii  in  the  aolid  form,  SB  might  be 

heat  ia  neceaaar;  to  oonrert  lbs 

ling  I'OnO  {  aolphar  lolid,  0'2a2a, 


neludcd 


a  the  r. 


i  that  thu  m 


The  high  apectfic  heat  of  water  moderates  very  greatly  the  rapidly 
of  natural  transitions  from  beat  to  cold  and  from  cold  to  heat,  owing  to 
the  large  quantity  of  heat  emitted  or  abaorbed  bj  the  ocean,  and  other 
Imdies  of  water,  in  accommodaung  themselves  to  Tariations  in  external 
temperatare. 

652.  Bp«oifio  baat  of  gaatta. — If  a  unit  of  weight  of  atiy  gas, 
allowed  lo  expand  freely  without  change  of  pressure,  ia  heated  from 
the  freeiing  point  one  degree,  the  amount  of  heat  thus  Absorbed,  mea- 
sured in  fractions  of  the  unit,  is  called  tbe  apccijic  heal  vnder  eontlant 
premure.  If  the  same  gns  is  heated  one  degree,  when  so  confined  that 
its  Tolume  cannot  be  increased,  the  amount  of  heat  required  U>  produce 
the  change  of  temperature  is  called  the  s/irrific  heal  under  a  coiulanl 

When  the  heat  required  to  raise  the  temperature  of  equal  volumes 
'jf  different  gases  one  degree,  is  detennined.  the  results  obtained  are 
called  tptcific  heat  by  trolnme.  In  these  deteruinntiona  the  unit  of 
volnme  is  the  Tolnme  of  a  unit  of  weight  of  air  when  the  baiomet/ic 
pressure  is  30  inches. 
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The  ietermtnation  of  the  specific  heat  of  gaeee  is  a  problem  inTolved  in 
the  greatest  practical  diflBcttlties,  and  authorities  Tary  somewhat  in  the  rwnlta 
obtained. 

The  most  valuable  researches  in  regard  to  the  specific  heat  of  gases 
have  been  made  by  Regnauit.  He  has  established  the  following  very 
important  preliminary  principles : — 

First.  The  specific  heat  of  gases  is  sensUAy  the  same  ai  all  iemperu- 
tures. 

Second.  The  am  omit  of  heal  required  to  raise  the  temperature  of  a 
given  toeight  of  any  gas  one  degree  does  not  vary  with  the  pressure  to 
which  U  is  subjected,  and  hence  t/ie  specific  heat  of  gases  is  the  same  for 
all  densities. 

Regnauit  experimented  on  air  and  other  gases  under  pressures  raried  from 
one  to  ten  atmuspberes,  and  found  no  sensible  difference  in  the  quantity  of  heat 
which  the  same  weight  of  a  gas  lost  under  these  different  pressure*  in  cooling 
the  same  number  of  degrees.  Nevertheless  he  thinks  it  possible  that  slight  dif- 
feronces  may  exist. 

Table  XI.  c.  gives  the  specific  heats  of  different  gases  and  vapors  as  determinad 
by  Regnauit  The  specific  heat  by  weight  being  determined  under  a  constant 
pressure,  the  gas  being  allowed  to  expand  freely. 

The  specific  heats  by  volume  given  in  the  table  were  obtained  by  multiplying 
the  8))ecific  heat  by  weight,  by  the  specific  gravity  of  the  several  gases  and 
vapors,  as  compared  with  air  taken  as  unity. 

653.  Specific  heat  of  gases  ander  a  constant  ▼olume. — It  is 

well  known  that  the  temperature  of  a  confined  mass  of  air  can  be 

raised  sufficiently  high  to  ignite  tinder  by  mechanical  ctmdensation, 

i  739,  and  it  seems  reasonable  to  suppose  that  the  same  amount  of  heat 

is  expended  in  producing  an  equal  degree  of  expansion  when  a  gas  is 

heated. 

It  has  been  stated  (608)  that  gases  expand  ^ }y  part  of  their  volume  for  an 
elevation  of  temperature  of  1°  F.  Let  (  represent  the  small  increase  of  tempe- 
rature which  a  mass  of  gas  undergoes  when  compressed  ^^j  of  ita  volume,  and 
if  S  represent  the  specific  heat  of  the  gas  under  a  constant  pressure,  and  S*  the 
specific  heat  under  a  constant  volume,  we  shall  have  for  the  specific  heat  under 

S 

a  constant  volume : —  .S"'  = • 

1-f  « 
It  is  obvious  that  if  the  value  of  t  could  be  determined  by  condensing  a  gas, 
and  observing  the  increase  of  temperature  the  value  of  S  ,  the  specific  bent 
under  a  constant  volume  could  be  readily  calculated.  The  unavoidable  loss  of 
noit  absorbed  by  the  walls  of  the  containing  vessel,  when  a  gas  is  compressed, 
bns  rendered  it  hitherto  impossible  to  obtain  accurate  values  of  (  by  this  method, 
and  i^imilar  difficulties  have  attended  the  determination  of  the  specific  heaA  under 
a  constant  volume  by  other  direct  methods. 

The  principles  of  acoustics  have  happily  furnished  an  indirect  method 
of  determining  the  specific  heat  of  gases  under  a  constant  volume  with 
jreat  accuracy. 
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Specific  heat  determined  by  the  la'ws  of  acoiutics. — By  con 

ftidering  the  conditions  of  an  elastic  fluid  during  the  transmission  of  a 
sonorous  wave,  Newton  obtained  the  following  formula  for  the  velo- 


city of  sound  in  any  gas : 


F=^/^.f. 


In  this  formula  V  is  the  velocity  of  sound,  g  the  force  of  gravity,  H 
the  height  of  the  barometer,  and  d  the  density  of  the  gas  referred  to 
mercury  as  unity.  This  formula  gives  for  the  velocity  of  sound  in  dry 
air  at  32°  F.,  when  the  barometer  stands  at  30  inches,  V=  883  feet, 
which  is  less  than  the  true  velocity  of  sound  (1086  feet,  {  344)  by  more 
than  one-sixth  of  the  whole. 

Laplace  discovered  that  this  error  resulted  from  the  effect  of  heat 
developed  and  absorbed  by  alternate  compression  and  rarefaction  of 
the  air  in  the  tranpraission  of  sonovous  waves,  and  he  showed  that  the 
formula  for  the  velocity  of  sound,  taking  into  account  this  effect  of  heat, 

should  be,      F'=^L.  _.  ^,  in  which  S  represents  the  specific  heat 

of  the  gas  under  a  constant  pressure,  and  S^  the  specific  heat  under  a 

constant  volume. 

aHS 
From  this  formula  we  obtain,  by  transposition,  S^  =  i^rri  ft*om  which 

we  readily  obtain  the  value  of  the  specific  heat  of  a  gas  under  a  con- 
stant volume,  when  the  velocity  of  sound  in  the  medium,  and  the  other 
constant  quantities,  are  known. 

By  this  method  Dulong  has  obtained  for  the  specific  heat  of  gases, 
under  a  constant  volume,  the  values  given  in  the  following  table ;  bat 
the  results  obtained  are  regarded  only  as  approximations : — 

SPECIFIC  HEAT  OP  EQUAL  VOLUMES.* 


Name  of  Gas. 


Under  Oonstaot  Under  ConMtADt 
pressure.  volume. 


Differ«>nce 


1  +t 


Air, 

Oxygen,     .     .     . 

Hydrogen,      .     . 

Oxyd  of  carbon, 
!  Tarbonic  acid,  . 
I  Olefiant  gns,  .     . 


0-2377 
0-2412 
0-2366 
0-2399 
0-3308 
0  3572 


01678t 

0-1705 

0-1675 

0  1681 

02472 

0-2880 


00699t 

00707 

0-0681 

00718 

00836 

00692 


1417t 

1-415 

1-407 

1-428 

1-338 

1-240 


Comparing  these  results  in  the  case  of  air,  we  see  that  when  air  is  heated 
in  a  situation  where  it  is  free  to  expand,  only  about  f  of  the  heat  applied 
is  expended  in  producing  elevation  of  temperature — as  in  heating  a 

*  Cooke'0  Chemical  Physics. 

f  Corrected  according  to  the  mos*  recent  experiments. 
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room -while  al)out  f  of  the  beat  is  expended  in  producing  ezpaosion 
'>f  the  air,  to  be  given  out  again  as  the  room  cools. 

Dulong  has  deduced  from  his  experiments  the  following  concla- 
vions: — 

1.  Equal  volumes  of  all  gases^  measured  ai  the  same  temperature  and 
pressure,  set  free  or  absorb  the  same  quantity  of  heat  when  they  are  com- 
pressed  or  expanded  tfie  same  fractional  part  of  their  volume. 

If  all  gases  had  the  same  specific  heat,  the  same  change  of  volume 
would  be  attended  by  the  same  change  of  temperature.  But  this  is 
the  case  only  with  oxygen,  hydrogen,  and  nitrogen.  The  specific  heats 
of  compound  gasen  differ  considerably  from  each  other,  and  change  of 
volume  cauoes  less  change  of  temperature  in  proportion  as  the  specific 
heat  of  the  giis  is  greater. 

2.  The  variations  of  temperature  which  result,  are  in  the  inverse  ratio 
of  the  specific  heats  under  a  constant  volume. 

Whether  these  laws  are  the  exact  expressions  of  the  truth,  or  only 
approximately  correct,  remains  to  be  determined  by  further  investiga- 
tion. 

654.  Relation  between  the  specific  heat  and  atomic  freight  of 
elements  and  compounds. — Dulong  and  Petit,  from  their  researches 
upon  the  elements,  were  led  to  conclude,  that  the  ultimate  atoms  of  all 
elements  possessed  the  same  capacity  for  heat,  and  they  accordingly 
announced  the  law,  that: — 

The  specific  heat  of  elementary  substances  is  in  inverse  ratio  to  their 
atomic  weights. 

This  law  appears  to  be  true  for  moat  of  the  elements,  as  will  be  seen  by 
examining  Table  XL  of  Atomic  Weights  and  Specific  Ileatfl.  It  will  be  no- 
ticed, that  the  one  incroaacs  in  almost  the  exact  proportion  in  which  the  other 
diminishes,  and  that  by  multiplying  them  together,  a  very  nearly  constant  pro- 
duct is  obtained.  Some  elements,  as  those  given  in  the  lower  part  of  the  table, 
give  a  product  {0  X  p)  double  of  the  others.  So  that  equivalent  weights  of 
those  would  contain  twice  as  much  heat  as  equivalent  weights  of  those  first 
given. 

The  relation  between  the  specific  heat  and  atomic  weight  of  oompoands  ii 
expressed  by  Reguauit  in  the  following  law  : — 

In  ail  compound  bodies  containing  the  same  numl)er  of  cUotnSy  and  oj 

similar  chemical  conslitutiony  the  specific  heals  are  in  inverse  ratio  to 

their  atomic  weights. 

i  7.  Liqaefaction  and  Solidification. 

655.  Latent  heat. — During  the  conversion  of  a  solid  into  a  liquid, 
or  of  a  liquid  into  a  gas  or  vapor,  a  certain  quantity  of  heat  is  absorbed 
or  disappears.  As  the  thermometer  and  the  senses  give  no  evidence 
of  the  existence  of  this  heat,  it  is  called  latent  heat. 

Let  a  pound  of  ice  and  a  pooiid  of  water,  each  at  the  taiaperatiiro  of  Z3^,  be 
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exposed  to  the  same  aoorce  of  heat  in  precisely  similar  T^sels;  it  will  be 
found,  at  the  moment  when  all  the  ice  is  melted,  that  the  water  into  which  it  is 
eonrerted  has  still  the  temperature  of  32° ;  while  the  temperature  of  the  other 
pound  of  water  has  risen  from  32°  to  174°.  As  both  have  received  the  same 
amount  of  heat,  it  follows,  that  the  142°  which  have  disappeared,  have  been  used 
in  converting  the  ice  into  water,  and  have  become  latent  or  insensible. 

If  a  pound  of  water  at  212°  be  mixed  with  a  pound  of  powdered  ice  at  Z2?, 
when  the  ice  is  melted  the  two  pounds  will  have  the  temperature  of  only  52°; 
the  ice  gains  only  20°,  while  the  water  loses  160°.  Here  again  142°  have  dis- 
appeared or  have  become  latent 

656.  Liquefaction  and  congelation  are  al'^ays  gradual,  owing 
to  the  absorption  or  evolution  of  beat  during  these  processes. 

If  this  was  not  so,  water  at  32°  would  immediately  become  ice,  upon  losing 
the  smallest  additional  portion  of  its  heat,  and  on  the  other  hand,  ice  would 
suddenly  pass  from  the  solid  to  the  liquid  state  by  the  smallest  addition  of  heat. 

This  fact,  coupled  with  the  law  of  irregular  expansion  of  water,  will  explain 
why  ice  never  acquires  any  very  great  thickness.  The  high  specific  heat  of 
water  acts  to  moderate  the  natural  changes  of  temperatures. 

657.  Freezing  mixtures. — Solids  cannot  pass  into  the  liquid  state 
without  absorbing  and  rendering  latent,  a  certain  amount  of  heat.  If 
the  heat  necessary  for  the  liquefaction  is  not  supplied  from  some  external 
source,  the  body  liquefying  will  absorb  its  own  sensible  heat.  A  know- 
ledge of  this  fact  enables  us  at  pleasure,  in  the  hottest  seasons  and 
climates,  to  produce  extreme  degrees  of  cold. 

The  so-called yreeztn^  mixtures  are  compounds  of  two  or  more  sub- 
stances, one  of  which  is  a  solid.  These,  when  mixed  together,  enter 
into  combination  and  liquefy.  The  operation  should  be  so  conducted, 
that  no  heat  can  be  absorbed  from  external  sources,  and  hence,  as  the 
substances  liquefy,  a  depression  of  temperature  results  proportional  to 
the  heat  rendered  latent.     (See  Table XII.) 

The  most  convenient  freexing  mixture  is  salt  1  part,  and  ice  or  snow  2  parts, 
universally  used  in  the  freezing  of  ices  and  creams.  With  this  freezing  mixture, 
a  temperature  of  4°  or  5°  below  zero  can  be  maintained  for  many  hours.  A 
solution  of  equal  parts  of  nitre  and  sal-ammoniac  will  reduce  the  temperature 
from  50°  to  10°  F.  Very  well  constructed  ice-cream  freezers  are  now  commonly 
sold  in  the  shops,  in  which  an  adroit  use  has  been  made  of  the  laws  of  radian' 
heat  and  conduction,  to  facilitate  the  rapidity  of  this  operation. 

Thilorier,  with  a  mixture  of  solid  carbonic  acid  and  sulphuric  acid,  or  sulphurii 
eUier,  obtained  a  temperature  120°  below  zero.  More  lately,  Mitehell  obtained  by 
the  same  means  a  temperature  of — l.HO°  and  — 146°  F.  At  the  former  temperature, 
alcohol  (Sp.  Or.  0*798)  had  the  consistency  of  oil,  and  at  the  latter  temperature 
resembled  melting  wax. 

In  the  liquefaction  of  metallic  alloys,  a  similar  depression  is  observed.  When 
an  alloy  composed  of  207  parts  lead,  118  tin  and  284  bismuth,  is  dissolved  in 
1617  parts  mercury,  the  temperature  will  sink  from  63°  to  14°  F. 

In  producing  extreme  degrees  of  cold,  the  substance  to  be  operated  upon  is 
first  cooled  to  a  certain  degree  by  a  less  powerful  freezing  mixture,  before  the 
•nore  energetio  one  is  used;  the  full  effect  of  the  latter  is  thus  obtained. 

41 
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G08.  Laws  of  fusion  and  latent  heat  of  fusion. — Expansion  (the 
first  effect  of  heat)  has  a  limit,  at  which  solids  become  liquids.  The 
powers  of  cohesion  are  then  subordinate  to  those  of  repulsion,  and 
fusion  results. 

Fusion  takes  place  in  accordance  with  the  following  laws: — 

Ist.  All  solids  enter  into  fusion  at  a  certain  temperature,  invariable 
for  tne  same  substance, 

2d.  Whatever  may  be  the  intensity  of  the  source  of  heat  when  ike 
fusion  commences,  the  temperature  remains  constant  until  the  whole  mass 
is  fused. 

3d.  The  latent  heat  of  fusion  is  obtained  by  multiplying  the  differ- 
ence betweeti  the  specific  heat  oftlte  substance  in  its  liquid  and  solid  form, 
by  the  quantity  obtained  by  adding  the  number  250  (an  experimental  eon- 
stant  furnished  by  researches  upon  the  latent  heat  of  water)  to  the  mdting 
point  of  the  substance  in  question. 

The  fusion  points  and  latent  heat  of  fusion  of  a  number  of  the  more 
important  substances  are  given  in  Table  XV.  of  the  Appendix,  drawn 
from  the  labors  of  Kegnault  and  others. 

659.  Peculiarities  in  the  fusion  of  certain  solids. — Certain 

hoiids  soften  before  they  become  liquefied ;  such  are  tallow,  wax,  and 
butter,  while  others  never  become  entirely  fluid.  This  is  because  the 
former  are  composed  of  several  substances,  which  melt  at  different  tem- 
peratures. Metals,  like  iron  and  platinum,  that  are  capable  of  welding, 
B:)ftcn  before  they  fuse.  Glass,  and  certain  metals,  never  attain  perfect 
fluidity.  The  fusion  of  sulphur  presents  striking  peculiarities.  (See 
Chemistry.) 

660.  Refractory  bodies. — Substances  difficult  of  fusion  are  called 
refractory  bodies. 

Among  the  most  refractory  bodies  are  silica,  the  metallic  oxyds,  lime,  buyta, 
alumina,  Ac.  Their  fusion  may  be  effected  by  the  ozy-hydrogen  blow-pipe,  or 
by  the  use  of  the  voltaic  battery.  By  these  means,  also,  the  fasion  of  platinan 
\s  eflfocted,  which  resists  the  heat  of  a  powerful  blast-fornace,  although  a  thiD 
wire  of  this  metal  can  bo  melted  by  the  mouth  blow-pipe. 

(?arbon  is  the  most  refractory  of  all  bodies.  Its  fusion  has  not  yet  been  per- 
fectly effected  ;  although,  by  means  of  the  voltaic  battery.  Professor  Silliman 
obtained  (in  1822)  unequivocal  evidences  of  the  volatility  and  partial  fbsion  of 
this  substance :  and  more  lately  these  results  have  been  rerifled  by  Deiiprets, 
with  a  carbon  iiattery  of  600  cups ;  boron  and  silicon  also  yielding  to  the  same 
power. 

661.  Solution. — Saturation. — When  a  solid  immersed  in  a  liquid 
gradually  disappears,  the  process  is  termed  solution.  Thus,  sugar  and 
Nuh  dissolve  in  water,  camphor  in  alcohol,  &c.  Solution  is  the  result 
^^  an  attraction  existing  between  the  particles  of  a  liquid  and  those  o^ 
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a  solid.    A  liquid  is  said  to  be  saturated  when,  at  a  given  temperature, 
it  has  dissolved  as  much  as  possible  of  a  solid. 

The  causes  which  diminish  cohesion  among  the  particles  of  a  solid,  generally 
facUitate  solution.  ~  Thus,  a  pulveriied  hody  dissolves  quicker  than  the  same 
quantity  in  large  masses.  Heat  also  facilitates  solution  by  diminishing  th<» 
cohesive  force  and  producing  currents.  The  solubility  of  some  bodies  is  dimii; 
ished  by  heat,  and  the  precipitation  of  bodies  from  solution  is  sometime! 
hastened  by  heat, — sulphate  of  soda  and  hydrate  of  lime  are  examples  of  the 
former. 

662.  La'^s  of  aolidification. — The  passage  of  a  body  from  the 
liquid  to  the  solid  state,  always  occurs  in  accordance  with  the  following 
laws : — 

1st.  The  solidification  of  a  body  takes  place  at  a  certain  fixed  tempera- 
ture^ which  is  also  thai  of  its  fusion. 

2d.  The  temperature  of  a  body  remains  constant  from  the  commence- 
ment to  the  aid  of  its  solidification, 

663.  Elevation  of  temperature  during  aolidification. — When 
liquids  return  to  the  solid  state,  the  heat  which  has  been  absorbed 
during  their  liquefaction,  and  rendered  latent,  is  given  out. 

If  the  solidification  takes  place  suddenly,  the  heat  evolved  is  often  very  appa- 
rent Thus  water  may  be  cooled  to  22°  or  23°,  and  yet  remain  liquid,  but  if  in 
that  state  it  is  shaken,  it  becomes  at  once  a  confused  mass  of  ice  crystals,  and 
rises  to  32°,  the  freezing  of  a  part  giving  out  heat  enough  to  raise  the  tempera- 
tare  of  the  whole  8°  or  10°.  Thus  we  arrive  at  the  seeming  paradox,  that  freezing 
is  a  warming  process  ;  and,  owing  to  the  absorption  of  heat  during  liquefaction, 
it  is  equally  true,  that  melting  is  a  cooling  process.  Hence,  in  part,  the  cooling 
influence  of  an  iceberg,  or  of  a  large  body  of  snow  on  a  distant  mountain. 

664.  Cliange  of  Tolame  daring  solidification,  and  its  effects. — 
Mercury,  and  most  metals,  contract  while  solidifying ;  hence,  the  freez- 
ing of  a  mercurial  thermometer  does  not  burst  its  reservoir.  Water 
expands  during  freezing  to  the  amount  of  one-eleventh  of  its  bulk ; 
hence,  ice  floats  on  the  surface  of  water,  and  close  vessels,  even  of  iron, 
are  burst,  if  frozen  when  full  of  water. 

This  fact  is  familiar  to  housekeepers,  who  prevent  the  bursting  of  their  water- 
casks  during  winter,  by  a  stick  of  wood  placed  in  the  cask,  about  which  the 
bulge  from  expansion  takes  place.  Aqueduct  service-pipes  are  often  save^from 
the  same  accident  in  cold  weather,  by  allowing  the  water  to  flow  uninterruptedly, 
thus  preventing  the  formation  of  ice  crystals,  both  by  motion  and  the  supply 
of  warmer  water. 

A  brass  globe  filled  with  water  burst  at  32°,  in  the  experiments  of  the  Flo- 
rentine  Academicians,  who  estimated  the  force  exerted  as  equal  to  28,000  pounds 
on  the  square  inch.  A  bomb-shell,  filled  with  water,  and  tightly  closed  by  an 
iron  plug,  when  exposed  to  severe  cold  in  Montreal,  discharged  the  plug  to  a 
distance  of  400  feet,  and  a  cylinder  of  ice  eight  inches  in  length  protruded  from 
the  hole.  All  metals  which,  like  water,  assume  the  rhombohedral  form  on 
aolidification,  produce  sharp  casts.  Such  are  oast-iron,  antimony,  tin,  zinc,  and 
bismuth.     AH   \lloys  capable  of  producing  sharp  casts,  must  contain  such  a 


456  PHY8ICS   OF   IMPONDERABLE   AGENTS. 

metal.  Type-metal  (8  lead  and  1  antimony),  brass  (2  copper  and  1  line),  and 
bell -metal  (7  copper  and  3  tin),  are  familiar  examples.  Copper,  lead,  gold, 
silver,  and  indeed  most  metals,  except  thone  abore  enumerated,  crystallise  in 
the  monometrio  system,  and  occupy  less  space  as  solids  than  as  fluids,  producing 
imperfect  casts.  Hence,  coins  are  stamped,  and  gold,  silver,  and  copper  utensils, 
and  ornamental  wares  are  wrought  by  the  hammer,  or  stamped,  to  secure  sharp 
nese  and  beauty. 

665.  Freezing  of  "water. — Water  ordinarily  freezes  at  32^ ;  but  it 
bu8  alreiidy  been  stated  (663)  that,  under  certain  circumstances,  it 
way  be  cooled  near  to  22^,  and  remain  liquid.  If,  however,  water  is 
turbid,  or  contains  carbonic  acid,  it  always  freezes  at  32**. 

Certain  experiments  made  in  France  indicate  that  the  temperature  to  which 
water  may  be  exposed  without  freezing,  falls  in  proportion  as  it  is  exposed  in 
tubes  of  smaller  diameter.  This  remarkable  circumstance  seems  to  throw  light 
upon  the  fact,  that  plants,  whose  capillaries  are  full  of  juices,  resist  frost  in  a 
manner  so  noticeable  as  many  of  them  do.  Nevertheless,  in  very  severe  weather, 
the  trunks  of  large  trees  are  sometimes  burst  open  by  frost 

Water,  containing  salts  in  solution,  freeses  at  a  lower  temperature  than  pure 
water.  Thus,  sea  water  freezes  at  27®.  The  ice  formed  from  salt  water,  and 
from  impure  or  turbid  water,  is  comparatively  fresh  and  pure,  since  it  is  tb« 
water  which  freezes,  and  not  the  foreign  bodies  it  contains.  Frozen  ink,  and 
other  colored  fluids,  precipitate  the  coloring  matter,  and  are  spoiled  as  colors, 
until,  by  boiling,  the  precipitate  is  again  diffused.  Likewise,  the  watery  portion 
of  cider,  and  other  weak  alcoholic  liquors,  exposed  to  moderate  cold,  congeals ; 
and  the  alcoholic  part  may  thus  be  obtained  in  a  more  condensed  state. 

Some  absorbent  rooks  are  pulverized,  and  gradually  covered  by  a  thick  bed 
of  soil,  by  the  effects  of  freezing  water  in  breaking  down  their  solid  mass.  The 
yalue  of  building-stones,  in  our  climate,  depends  much  upon  the  resistance  thof 
offer  to  the  action  of  frost.  In  hot  climates  the  effect  is  not  seen,  and  the  orags 
and  summits  of  mountains  are  there  generally  more  sharp.  Experiments  to 
determine  the  resistance  of  rocks  to  frost,  are  made  by  saturating  oubea  of  the 
material  with  water,  and  repeatedly  freezing  them.  But  the  same  result  is  more 
conveniently  obtained  by  using  a  solution  of  sulphate  of  soda.  This  8alt»  crys- 
tallizing on  exposure  to  the  air,  efflscts  the  same  results. 

666.  Absolute  zero. — Since  the  permanent  gases  contract  ^^j  of 
their  volume  at  32°,  for  each  degree  of  Fahrenheit  below  that  point  (or 
expand  that  quantity  for  each  like  increment  of  heat  above  32**),  it  has 
been  inferred  by  Clement  and  D^sormes  that,  at  the  temperature  cf 
^-4d9°  F.  they  would  cease  to  exist  as  gases,  since  the  amount  of  con- 
traction would  then  be  equal  to  their  initial  volume.  Likewise,  since 
the  volume  of  a  gas  is  doubled  by  heating  from  32**  to  523^  they  further 
inferred  that  the  quantity  of  heat  added  must  be  equal  to  that  held  by 
the  initial  volume,  and  that  at  — 459°  F.  there  must  be  an  absolute  zero. 

i  8.  Vaporization  and  Condensation. 

667.  Vaporization. — Liquids  become  vapors  upon  receiving  a  cer- 
tain quantity  of  heat.  Thus,  water  at  212°  is  rapidly  oopverted  into 
steam,  which,  at  or  above  that  temperature,  remains  as  ap  inTiaibis 
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The  remarkable  disappearance  of  nearly  one  thousand  degree!  of  . 
heat  when  water  is  turned  into  gteam  (aod  correiipODdingI;  fur  other 
liquids),  will  be  considered  under  Latont  Heat  of  Steam,  J  6S3, 

668.  FormatioD  of  ▼apon  In  a  ▼acnnm. — Evaporation  takes  place 
slowlj  in  tiie  open  air,  owing  chieflj  to  the  atmospheric  pressure.  In 
a  Tacaum,  however,  it  occurs  instantaneously,  because  the  vapor  then 
meets  with  no  resistance.  This  pheuomenun  occurs  in  obedience  to 
the  following  lairs: — 

let.  JU  votatUt  liquids,  in  a  ntcvuni,  volatUvK  inatandy. 

2d.  At  the  aame  lemperaiure  the  vaport  of  different  Itquida  poneta 
unequal  tUulic  force.  ^^ 

ThcM  lavi  ara  iltnitratcd  in  the  Bppar&tni,  fig. 
482,  whan  four  buometar  tnbes,  oriKinallj  filled 
oitfa  pur*  di7  toircnrr,  are  Bapporled  b;  itia  stood 
In  ft  mercDrial  ciBtem,  and  will  ill  iadicate  npon  the 
■cale,  C,  the  tama  height  of  colamn.  A  drop  of  alher 
pu*ed  ap  to  E,  ingtsatlj  Baibu  into  Tspor,  and  de- 
praaBU  Uis  eolamc  perhapi  half  iti  height  or  mora. 
Thii  UliutntH  Ihe  lint  law.  A  drop  of  hiinlphid  of 
oarhon  inlrodaeed  into  D  ;  of  »ltoh 


mpacIiTBlr  e 


ged  to 


Tapor,  whoilj,  or 

eury  nneqaallv,  in  the  order  of  their  volatilit;  ■> 
•namerated.'  Tb<*  il1aati*l«>  the  leeoDd  law.  If  all 
the  ether  lotradaced  into  B  hu  diaappeared,  Ihan 

Mcb  addition  an  inereased  depreitiga  of  the  mereurjr 

will  ba  obaerved,  aotil,  anally,  a  point  is  reuhed 

where  the  ether  reraaing  liquid.     Thig  ii  the  point 

of  mtHrn/ipit,  or  ntaxinvBi  Unnon  of  ether  Tapor  for 

that  tamperatara.    A  change  of  GeiopeTatare  will, 

eouna.  Tary  these  oondltlong.     If  either  of  the  tnbee  J 

ia  inrrounded  by   one  of  larger  diameter  dipping 

nndei  the  mensury,  and  lo  affording  a  oell  intirwhich 

hot  water  may  be  ponrcd,  [b«  liquid  ether  In  E,  fur 

example,  will  ba  (aporiied,  gtill  ftirtber  depregging 

the  (empenilare.     If  a  fmiing  mixture  were  gimilai  . 

bo  aeea — a  portion  of  T^or  wonld  b*  Uquefled,  aod  lb*  mereni;  will  ri» 
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660.  Saturated  apace  ot  maximiun  tenaton  of  vapon.— Tie 

meaning  of  Ilit'^e  tcrnis  maj  lie  alill  further  illiiHtrated  b;  Uie  use  of 
lliB  ii|iiiiirnlus  iti  Hg.  4(^3.  wliich  in  pruviiiod  wiili  a  48S 

well,  fillud  witb  mercury.  Htid  dee|j  oooiij^k  to  allow 
the  tube  Ui  be  depressed  tienrlj  its  whole  length. 

Ra[>pa>a  the  tulm  lo  hme  tho  pnodltinn  of  E  in  tin  lul 
puraip-npb ;  IbftI  1*.  the  TSpur  uf  etber  bM  deiu-I;  Sllad 
tlie  wbulB  tube,  and  ii  al  iu  point  ot  ealuratloD  or  maii- 
mnm  Mniion.  If  Lhe  tube  la  now  depreiaud,  the  ooulained 
vapor  it  lubjeot  tu  inereasMl  laniiun,  in  propoi-tlDD  to  the 
atDDUnt  of  dspreBaioD  ;  and  the  remit  is,  that  a  portiou 
nf  it  bemniea  liquid,  and  the  nierour;  takei  Iho  place 
of  the  vapor.  If  the  tube  i*  rutad,  then  Iba  ftettate  i* 
again  diminithed,  and  a  tnih  pertloa  of  other  ia  vapariied. 
Thore  is.  tbBrefnra,  ■  maiimura  IcuaioD  or  elastielt;  for  lbs 
Taper  of  diDerent  liquid!  at  every  UmpcraturVT  ao  that,  in 
a  laturated  iipaae,  at  a  girirn  umperalnre,  the  maximum 
tuoiion  is  the  tame,  whalevor  may  be  the  pressure  Iu  whieb 
the  vapor  ia  subjeelsd. 

6T0.  Dalton's  law  of  the  tenaion  of  rapora  ii 
as  follows : — 

The  tension  or  elaslieUy  ofdiffmni  vapom  in  rqual, 
if  compared  al  lemjxrnlurtJi  lh«  »nme  number  of  d«- 
prwaobaM  or  bdow  the  boiling  point  oflkcir  raptctiva 
liquids. 

This  law  docs  not  perfectlj  accord  with  the  results 
of  expariment.  but  it  is  nenrly  correct  (cicept  for 
mprcurj),  at  abort  dUtnnces  abuve  and  beluw  tht) 
bniling  point.     See  Table  XIV.  ""  —     ^^^— 

671.  Tbe  tenaion  of  vapoia  in  commnnicatlng  veaaeU  vne- 
qaally  hoatod  IB  the  same,  aod  is  equal  to  that  uf  the  lower  Uaiperatare. 

Tboa,  if  a  vOBsel  eanwioing  watCT  al  32°,  coinuiunioatiw  by  a'tnb*  with  a 
th  of  ibe  vesHla  will  b* 
hit  is  eipliuued  by  Iba 
colder  iossbL     App]iea- 


:«por  contUnlly  safTHM 
rlplo  in  tbi  aondenior  0 


6T2.  Temperatuie  and  Ilmita  of  Taporixatlon. — Tbe  rvaptiration 

f  liquids  lakes  place  at  temperature*  much  below  their  boilini:  points. 
»  common  experienc-e  testifififl.  Eveo  al  the  ordinary  temperature  of 
he  air,  water,  many  liquidn,  and  eTeo  Bome  itolids  vapvriae. 
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a  slip  of  gold  leaf,     Aflor  ail  inonUw,  tbe  gold  leaf  -ai 

uod  to  be  wbilsoe 

d  b;  tbe  mercury  wblab  bad  Haon  in  vapor.     A  dew  nf 

Ullic  globulos  is 

omelimes  aeea  in  the  Torrioellian  raenum.     todiae,  tua- 

or,  and  other  .oli 

1,  rapidly  evaporate  al  Ibe  ordinary  lemporaLore.     Snuw 
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and  ice  disappear  from  the  surface  of  the  earth  daring  cold  weather  when  there 
has  been  no  thawing.  Boyle  found  that  two  ounces  of  snow,  in  a  very  cold 
atmosphere,  lost  ten  grains  in  six  hours. 

The  experiments  of  Faraday,  however,  appear  to  show  that  vapori 
zation  does  not  occur  at  ail  temperatures. 

Thus,  mercury  gives  off  no  appreciable  vapor  below  60*'.  Sulphuric  acid 
undergoes  no  appreciable  evaporation  at  ordinary  temperatureti.  Fiiraday 
proved  that  several  substances  which  are  volatilized  by  heat  at  temperatures 
between  300®  and  400^,  did  not  suffer  the  slightest  evaporation  when  kept  in  a 
confined  space  at  the  ordinary  temperatures  during  four  years. 

The  limit  of  evaporation  is  reached  when  the  cohesive  force  of  the  particles 
of  the  solid  or  liquid  overcomes  the  feeble  tendency  to  evaporation. 

673.  Cironmstances  infinencing  evaporation. — Evaporation,  as 
has  been  said,  is  the  slow  production  of  vapor  from  the  surface  of  a 
liquid.  The  elastic  force  of  a  vapor  which  saturates  a  space  containing 
a  gas  (like,  air)  is  the  same  as  in  a  vacuum.  The  principal  causes 
which  influence  the  amount  and  rapidity  of  evaporation,  are  as  fol- 
lows : — 

1st.  Extent  of  mr/aee.  As  the  evaporation  takes  place  from  the  surface,  an 
increase  of  surface  evidently  facilitates  evaporation. 

2d.  Temperature,  by  increasing  the  elastic  force  of  vapor,  increases  the  rapidity 
of  evaporation ;  therefore,  the  temperature  of  ebullition  marks  the  maximum 
point  of  eraporation. 

3d.  The  quantity  of  ike  eame  liquid  already  in  the  atmoephere,  exercises  an 
important  influence  on  evaporation.  When  the  air  is  saturated,  evaporation 
ceases  ;  ifc  is,  therefore,  greatest  when  the  air  is  free  from  vapor. 

4th.  Renewal  of  the  air  facilitates  evaporation,  since  new  portions  of  air, 
capable  of  absorbing  moisture,  are  presented  to  it;  hence  evaporation  is  more 
rapid  in  a  breese  than  in  still  air. 

5th.  Preeeure  on  the  eur/ace  of  the  liquid  influences  evaporation,  because  of 
the  resistance  thus  offered  to  the  escape  of  the  vapor. 

Prof  Daniell,  from  a  series  of  researches  on  the  rate  of  evaporation,  deduced 
the  following  law,  vis. : — 

The  rapidity  of  evaporation  ie  interttly  ae  the  preeeure  upon  the  eurface  of  the 
evaporating  /iyntrf. 

674.  Dew-point. — If  air  saturated  with  moisture  is  cooled,  a  por- 
tion of  the  moisture  will  be  precipitated  as  dew.  The  ten  perature  at 
which  this  deposition  of  moisture  commences,  is  called  the  dew-point. 
The  dew-point  is  nearer  the  temperature  of  the  atmosphere,  the  more 
fully  the  air  is  saturated  with  moisture.  The  methods  of  determining 
the  amount  of  moisture  contained  in  the  atmosphere,  will  be  described 
in  the  chapter  on  Meteorology. 

675.  Ebnllition. — The  elasticity  of  the  vapor  from  a  boiling  liquid 
is  equal  to  the  pressure  of  the  superincumbent  atmosphere. 

Wlien  watei  is  boiled  in  a  glass  vessel,  the  phenomena  of  ebullition  may  be 
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sf  hoftt  iniiDL&iiia  it  ■!  Ibut  tvmperMure.     Water,  or  mny  uibsc  liqaid,  boiring 

■loesi  or  ham  ooly  cauning  &  more  rapid  evaporktion  of  (ha  water.    The  boiling 
{H^inU  of  cvTtain  liquids  nn  sboon  in  Table  XVII. 

676.  Circomstancea  infineDclng  Uie  bolUng  point. ~-The  prin- 
cipul  of  these  are; — 

1.  Adhesion.  It  U  pmbablj  owing  to  ibe  different  degrees  of  »db»- 
aion  between  the  liquid  nod  Ilie  surfaces  of  the  vessels,  that  the  boiliug 
point  of  water  Turies  in  vessels  of  different  materials. 

2.  Solidt  I'n  tuluiion  in  liquid!  rsiae  Ibeir  boiliog  poiad  in  praportion  to  the 
qnutitT  diBHolved.  Thua,  a  aaluraled  iglntioD  of  commoD  aalt  boila  at  327"  F.  1 
Bf  nitre  at  210°;  of  carbonate  of  potash  at  ZTi°;  and  of  rarbanats  of  wda  at 
120°.     This  is  probabL;  avieg   to  tbe  adbeiioa  eiisiiDg  between  aolidi  and 


«  only  tt 


1  Regnault,  tbe  temperatura  of  (he 

liquid.     It  ia  extremely  difficult  to  obtain  accurate  reiulta,  becant«  tha  bnlb  of 
tbe  IberinoniBWr  becomes  covered  with  a  film  of  oondeosed  water. 

3.  Frtaavre.  As  ebullition  coneisls  in  the  rapid  formation  of  vapor 
of  the  same  elosticitj  as  the  superincumbent  aunuaphere,  it  ia  evideol, 
that  if  the  preaaure  ia  diminished,  the  boiling 
point  will  l>e  lowered  ;  and  if  it  be  increased,  that 
the  boiling  point  will  be  raised. 

The  influence  of  preasnre  on  tba  tamperatnra  of  ebul- 
lition, ia  itrikingly  ahawn  by  placing  a  reaael  of  water, 
whioh  has  cooled  conaiderahlj  below  the  boiling  point, 
beneHth  Ibo  receiver  of  an  air-pump  end  eihansting  tbe 
air,  Hg.  *M.  Aa  the  air  is  removed,  the  water  eulen 
ebullilion,  even  at  a  temperature  of  125°. 
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■nn,  b«ili  at  a  carreapoudinglj  low  teui[ 
Bnl  hot  water  tbrowD  upon  tbe  flaik  incre 
siMtioitr  of  tbe  vapor,  and  tbe  water  Lei 
■abjected  to  a  greater  preonre,  eeaaea  10  bail.  " 

Fraaklln'a  pulse  elau,  a  double  bulbed  glut,  fig.  4)iB,  parti)'  filled 
with  elbec  and  clouid  while  boiling ;  boila  from  the  ^gg 

heat  of  tbe  band,  a  eenBible  conlneii  beiag  felt  ai 

tb«  laat  portions  of  fluid  ruah  out  of  tbe  empty  j-^  £7SV^ 

bulb,  tbe  band  foroiBbing  the  beat  oaedad  to  vm-  N^  __^„  T'-^fer 
poriia  (ba  atbar.  "  "^  '    '■ '  ^^-^ 

678.  Daafal  applioatiotu  In  the  arts  are  conmantl;  inmte  of  the 
facta  just  explained,  to  t^oncentrnte  vegetable  extracts,  cnne-julce,  &e., 
under  diminished  pressure,  ftnd  consequently  at  a  temperature  below 
the  point  where  there  is  aay  danger  of  injurj  from  heal.  Sugar  is 
ofDalij  concentrated  thus  in  large  close  copper  vesaels,  called  vacuum- 
pant,  at  a  temperature  of  150°  F,,  aided  bj  a  povrerful  air-pump  and 
coodeDser  to  remove  the  vapor  rapidly.  There  is  no  economy  of  fuel 
by  boiling  under  diminished  pressure,  as  will  be  understood  fr<>m  what 
is  said  hereafter. 

679.  MeMar«ni«iit  of  b«lgbta  by  tbe  boiltng  point. — HypaO' 
iiist«r. — On  asceodlDg  mountains,  the  hoiliog  point  of  liquids  falls, 
beeauH  th«  stanospheric  pressure  is  less,  and  conversely  in  descending 
into  mines,  it  rises.  Accurate  obserTations  show,  that  a  difference  ol 
■bont  543  feel  in  elevation  produces  a  variation  of  1°  F.  in  the  boiling 
point  of  water.  Tbe  metastatic  thermometer  (579)  is  used  in  these 
observation B.  Fahrenheit  tirst  proposed  determining  the  heights  of 
inouB'ainH  by  tbe  depressed  temperature  <  f  boiling  water. 
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Regnault  bus  designed  an  apparatus  called  a  hypsometer,  fig.  487,  for 
detormining  elcvatioiin  by  thu  boiling  point  of  water.  It  consists  of  a  copper 
ressol,  0,  containing  water.  This  is  surmounted  by  a  brass  cylinder  wbich 
supports  and  onelosvs  a  tbormomcter.  Tbo  upper  part  of  this  cylinder  is  formed 
in  pieces,  f,  wbich  slide  into  each  other  like  the  tubes  of  a  telescope,  and  serre 
to  confine  the  steam  about  the  thermometer  tube,  as  in  fig.  443.  Air  is  supplied 
to  the  lamp,  /,  by  the  boles,  o,  o.    The  steam  escapes  by  a  lateral  487 

orifice  in  tbo  upper  part  of  the  instrument.  488 

680.  High  pressure  steam. — The 
boiling  point  rises  as  the  pressure  in- 
creases. This  fact  is  readily  demon- 
strated in  a  general  way  by  Marcet's 
apparatus,  fig.  488. 

A  spherical  boiler  is  supported  ov^er  a  lamp 
upon  a  tripod  of  brass.  A  thermometer,  t, 
enters  the  upper  hemisphere,  and  its  bulb  is 
exposed  directly  to  the  steam.  A  stop-cock 
and  safety  valve,  V,  opens  a  communication 
to  the  outer  air.  A  manometer  tube.  A,  with 
confined  air  (280)  descends  into  some  mercury 
placed  in  the  boiler  (whoso  lower  hemisphere 
is  for  that  reason  made  of  iron).  The  boiler 
is  filled  with  water  to  the  equator.  When  the 
water  boils  and  the  air  has  been  expelled,  the 
open  stop-cock  is  closed  and  the  steam  com- 
mences to  accumulate.  The  thermometer, 
which  stood  previously  at  212°,  begins  to  rise 
higher  and  higher  as  the  column  of  mercury 

rises  in  the  gauge.     When   the  mercury  has 

risen  in  the  gauge  a  little  less  than  half  W^^B^^^^^  l\ 
the  height  of  the  tube,  the  thermometer  will 
indicate  249°-5  F.,  when  twp-thirds  of  the  way  273^-3,  and  so  on.  Table  XIX. 
gives  the  boiling  point  of  water  at  difierent  atmospheric  pressures  as  ascer- 
tained by  Regnault. 

Advantage  is  taken  of  the  temperature  of  high  steam  in  the  arta  to  extract 
gelatine  from  bones,  and  to  perform  other  difficult  solutions  and  distillationa 
which,  at  212°,  would  be  impossible.  Papin,  a  French  physicist,  who  died  in 
1710,  first  studied  these  effects  of  high  steam  with  an  apparatus  known  aa 
Papin's  digester.  It  is  only  a  boiler,  of  great  strength,  provided  with  a  safety 
valve  (then  first  used). 

681.  Production  of  cold  by  evaporation. — A  liquid  grows  sen- 
sibly colder,  if  while  evaporating  it  does  not  receive  as  much  heat  as  it 
loses,  and  the  more  sensibly  so,  as  the  evaporation  is  more  rapid. 

£au  de  cologne,  bay-rum,  or  ether,  evaporating  from  the  surface  of  the  skio, 
produces  very  sensible  coldness,  due  to  the  rapid  absorption  of  the  bodily  beat 
in  the  evaporation.  Portions  of  body  may  be  thas  benumbed  and  rendered 
insensible  to  pain  during  surgical  operations. 
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A  Biunmer  shower  ooolt  the  air  by  absorbing  heat  from  the  earth  and  the  air 
daring  evaporation.  Curtains  wet  with  water,  called  tattietf  much  used  in  India ; 
leafy  branches  of  trees,  mossy  banks,  and  fountains  draped  by  climbing  plants, 
are  cool  for  the  same  reason.  Fanning  the  surface  produces  coolness  both  from 
conduction  and  evaporation.  Wet  clothes  are  pernicious,  chiefly  from  the  rapid 
loss  they  cause  of  animal  heat  during  evaporation,  thus  impeding  the  circula- 
tion. In  hot  climates,  where  ice  is  rare,  water  is  cooled  to  an  agreeable 
temperature  by  the  use  of  jars  of  porous  earthenware  placed  in  a  draught  of 
air.  The  surface  moisture  is  rapidly  evaporated  by  the  dry  air,  and  the  water 
in  the  vessels  falls  20  or  30  degrees  below  the  exterior  air,  even  at  80  or  90 
degrees.  Water  is  readily  frozen  in  a  thin  narrow  test-tube  by  the  constant 
evaporation  of  ether  from  a  muslin  cover  drawn  over  the  outside  of  the  tube. 
In  the  East  Indies,  water  is  frozen  by  its  own  evaporation,  aided  by  radiation, 
in  oool  serene  nighu,  when  the  external  air  is  not  below  40°.  For  this  purpose 
shallow  earthen  pans  are  used,  placed  in  a  slight  pit  or  depression  of  the  earth 
upon  straw  to  cut  off  terrestrial  radiation.  489 

Water  is  endowed  with  a  remarkable  emissive 
power,  and  will,  as  shown  by  Melloni,  lose  7°  be- 
low the  atmosphere  by  simple  radiation  in  serene 
nights.  Compared  to  this  remarkable  Indian 
result,  Leslie's  experiment  of  freezing  water  in 
the  vacuum  of  an  air-pump  (over  sulphuric  acid 
to  absorb  the  vapor,  fig.  489)  seems  simple;  and  easier  still  is  the  same  effect 
produced  in  the  cryophorus  {or  frott-bearer)  of  Dr.  Wollaston,  fig.  490,  where  a 
portion  of  water   in  one  490 

bulb  of  a  vacuous  glass 
tube  is  frozen  by  its  own 
rapid  evaporation  due  to 
cooling  the  empty  bulb  in 
a  freezing  mixture. 

Twlnlng*8  ioe  ma- 
Ohine. — An  apparatus  has  been  successfully  contrived  by  Prof.  Alex.  Twining 
for  producing  ice  upon  a  commercial  scale  in  those  hot  climates  where  it  cannot 
be  carried  from  colder  countries,  by  the  rapid  evaporation  of  a  portion  of  ether 
confined  in  metallic  chambers  contiguous  to  the  water  vessels — the  process,  by 
aid  of  an  air-pump  and  condenser,  being  continuous  and  wiUiout  sensible  loss 
of  ether.  This  plan  is  equally  applicable  to  cooling  the  air  of  apartments,  either 
for  the  preservation  of  provisions  or  for  the  comfort  of  the  occupants. 

682.  Latent  heat  of  steam. — A  large  amount  of  heat  disappears 
or  is  rendered  latent  during  evaporation.  According  to  Regnault,  the 
latent  heat  of  steam  is  967°'5.  Its  determination  is  made  in  a  number 
of  ways. 

If  a  vessel  containing  water  at  the  temperature  of  32^  is  placed  over  a  steady 
source  of  heat,  it  receives  equal  additions  of  heat  in  equal  times.  Let  the  time 
be  noted  that  is  required  to  raise  the  temperature  to  212^.  If  now  the  heat  is 
continued  until  all  the  water  is  converted  into  steam,  it  will  be  found  that  the 
time  occupied  in  the  evaporation  was  5^  times  that  required  to  heat  the  water 
through  the  first  180^,  t.  e.,  from  32°  to  212°.  Consequently  5^  times  as  much 
heat  is  absorbed  during  the  evaporation  of  water  as  is  required  to  bring  it  to 
Wiling  point.    The  latent  heat  of  steam  is  therefore  about  (180°  X  H)  ^^^^' 
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Again,  the  latent  heat  of  8t«am  is  determined  by  distilling  a  certain  amauat 
of  water  and  condensing  the  steam  iu  a  large  rolume  of  the  same  liquid.  If 
the  temperature  be  noted  before  and  after  the  experiment,  it  will  be  found  that 
the  heat  from  the  steam  formed  from  a  pound  of  water,  was  sufficient  to  raise 
the  temperature  of  ten  pounds  of  water  99^.  The  latent  heat  of  steam  is  there- 
fore again  found  to  be  (99''  X  10)  ^^0^ 

Experiments  conducted   in   the  simple  manner  just  mentioned  cannot  bo 

entirely  accurate,  owing  to  a  certain  loss  of  heat  by  vaporisation,  condaction, 

*  and  radiation.     Numerous  precautions  are  therefore  to  be  adopted  to  insure  tha 

acouracy  science  demands  in  such  an  investigation,  the  details  of  which  ar« 

inconsistent  with  our  limited  space. 

The  latent  heat  of  steam  obtained  by  different  experimenters,  varies 
somewhat  as  follows :— Watt,  950^ ;  LaToisier,  1000^ ;  DespreU,  955''*8 ; 
Brix,  972^ ;  Regnault,  967^5 ;  Fabre  and  Silbermann,  964**-8. 

683.  LateDt  and  sensible  heat  of  steam  at  diiferent  tempera- 
tures.— The  whole  amount  of  heat  in  steam  is  the  lateni  keai,  plus  the 
sensibU  heat.  Thus  the  heat  of  steam  at  the  temperature  of  ebullition 
is  967**-5  -f-  212^  =  1179°-5.  It  has  heretofore  been  generally  stated, 
that  the  heat  absorbed  in  vaporization  is  less  as  the  temperature  of  the 
vaporizing  liquids  is  higher.  So  that  if  the  sensible  heat  of  steam  at 
any  temperature  is  subtracted  from  the  constant  1179^*5,  the  remainder 
is  the  latent  heat  of  steam  at  that  temperature.  For  example :  the  latent 
heat  of  steam  at  279'*'-5,  is  900°,  at  100°,  1079°-5,  &c.  This  statement 
however  is  found  to  be  somewhat  inaccurat^  although  in  practice  it 
may  be  assumed  to  be  nearly  correct. 

JProm  the  experiments  of  Regnault,  it  appears  that  the  sum  of  the 
latent  acd  sensible  beat  increases  with  the  temperature  by  a  constant 
difference  of  0^*305  for  each  degree  F.,  as  is  shown  in  Table  XXII. 

684.  Mechanical  force  developed  daring  evaporation. — During 
the  conversion  of  a  liquid  into  vapor,  a  certain  mechanical  force  is  exerted. 
The  amount  of  this  force  depends  on  the  pressure  of  the  vapor  and  the 
increase  in  volume  which  the  liquid  undergoes. 

Equal  volumes  of  different  liquids  produce  unequal  amounts  of  vapor  at  their 
respective  boiling  points. 

1  cubic  inch  of  water  expands  into  1696  cubic  in.  vapor  at  boiling  point. 
1     "        "  alcohol     "         "       528     "      "       "  "  «« 

1     "        **  ether        "  "       298      "      "       "  "  *« 

I     "        "  turpentine  "       193     "      "       "  "  " 

Now  although  the  latent  heat  of  equal  weights  of  other  vapors  is  less  than 
that  :f  steam,  yet  no  adyantage  would  arise  in  generating  vapor  fkt>m  them  in 
place  of  water  in  the  steam-engine.  For  equal  volumes  of  alcoholic  and  aqueous 
vapor  contain  nearly  the  same  amount  of  latent  heat  at  their  respective  boiling 
points,  and  such  is  the  case  to  a  great  extent  with  other  liquids.  The  cost  of 
the  fuel  in  generating  yapor  would  be  in  proportion  to  the  amount  of  latent 
oeat  in  equal  vc  lumes  of  Uie  vapor. 
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685.  Uqnefaetlon  of  vapois.  or  tlie  convareion  of  Tapori  into  liquids, 
u  KCCOmpliBhed  i  i  three  wajB.  iat,  by  cuuling ;  2d,  \ij  compreaHiun ; 
and  3d,  bj  chemical  affiaitj.  Only  the  first  tiro  of  theiie  metboda  irill 
be  ipoken  uf.  When  vapum  or  gases  are  cundenaed  into  liquids,  the 
tame  Amount  of  heat  is  given  out  aa  sensible  heat  which  was  absorbed 
and  reudered  latent  when  they  assumed  the  Beriform  conditiun. 

6SC,  OiatlUatlon  is  the  successive  evaporatioD  aud  coudeusatioD  of 
liquids.  The  process  depends  od  the  rapid  formation  of  vapor  daring 
ebnllitioD,  and  the  condensation  of  the  vapor  by  cooling. 

DutUJsUoi)  li  nsed,  tint,  for  tli«  sepsration  of  floldi  from  •otid^.  u  ths  du- 
tillMion  of  ordinal;  walar,  to  separate  tlie  imparities  coolained  in  it;  !d,  far 
tb*  BeparitioD  of  liquida  iiDsqaall;  Tglatile,  as  In  tbe  diilUlation  of  fsnnsDled 
liqaora,  la  ■■[wr*te  the  Tolatile  apirils  from  the  vateiy  msUet. 

687.  DiatllUng  appamtoa  of  various  kinds  is  employed  according 
to  the  special  purpose  to  which  it  is  applied.  The  most  ancient  ia 
the  alemiiie!  itA  invention  ia 'attributed  to  the  Araba.  It  consiats  of  a 
boiler  of  copper  or  iron,  fumiahed  with  a  dome-shaped  head  ;  to  tbe 
tipper  part  of  thia  is  attached  a  metal  tube  which  passes  through  a 
vessel  of  cold  water,  whereby  tbe  vapor  (as  il  passes  over  wbea  beat 
is  applied  U>  tbe  boiler]  is  condensed,  and  flows  into  a  proper  receptacle. 

Where  small  quantities  491 

of  liquid  are  to  be  diatilled, 
glass  retorts,  fig.  491,  or 
flasks  are  used.  These  are 
beated  by  alcohol  lamps,  or 
by  small  charcoal  furnaces. 
■  may  consist 


with  tbe  neck  of  the  retort, 
as  represented  by  S.  By 
means  of  water  flowing 
continnallj  on  it  from  B,  a 
proper  oooling  is  effected.  ~    ~       ~       "         "-"  " 

688.  Plt7*loal  Identity  of  gaaoa  and  vapora. — The  diflerenoe 
between  gaaea  and  vapors  is  merely  one  of  degree,  and  their  identity 
in  many  physical  properties  has  already  been  shown.  Thua  the  ratio 
of  tbmr  expansion  by  heat  ia  the  aame  as  that  of  the  permanent  gaaes. 
A  permanent  gas  may  be  considered  as  a  auptr-htoUd  vapor ;  the  vapor 
of  a  liquid  which  volatilizes  at  very  low  temperatures. 

Theory  of  the  UqneAiotloD  »nd  aolidl&oatlon  of  gases. — By 
tbe  last  sectioD,  if  the  excess  of  beat  is  removed  from  a  gas,  it  ia  in  tbe 
Mme  condition  «>  an  ordinary  vapor,  conloioiag  only  suffioient  beat  to 
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mnintaiii  it  in  the  aerirorm  oonditioD.  Sj  the  eompreMioa  uf  a  gms, 
heiU  IB  eiolvotl,  by  rendering  xGiiaible  the  best  before  laCeot.  If  tho 
cuuipressed  gas  is  then  surrunudod  b;  a  fraeiing  mixture,  the  further 
abxtriKtion  nf  beat  causes  the  condeosntion  of  a  corresponding  portion 
of  gai  iato  a  liquid.  It  is  thus  by  condensing  and  oouling  gasei^,  that 
tbeir  liqucfactiun  and  solidificatioD  have  been  effected. 

689.  Metboda  of  rsdnoing  B^aea  to  Uqnlda. — In  1823,  Fftmlaj 
liquefied  chlorine,  cyanogen,  ammonia,  carbonic  acid,  and  some  other 
gases,  by  tho  fullowlng  simple  means. 

The  iDsUrialt  from  which  the  gat  wu  to  ba  eTolved,  providml  thej  were  to) Ida, 


freeiing  miiUre.     Tba  prKjsn™  of  the  gu  eToIvnd  in  eo  e 

mal 

»  apK^i,  neitod 

with  (he  cold,  liqnefled  a  portion  of  it,    Otliorwiae,  <f  flaida 

to  b.  employed. 

the  tube  had  (ho  (hipe  aeen  in  Bg.  493.   The  Bnlda  wm  Inlrodn 

ced  bT  tho  enitll 

fUDDBl-'i  n,  into  (be  ourret  r  .nd  &,  end  the  enda,  a,  d,  ware  then  ae«1ed  by  the 

blow-pipe.     By  >  aiinple  turn  of  the  lube,  >1l  th«  fluid 

<S3 

couleula  >re  traDsferred  U,  the  end,  a,  fig.  49.|,  and  the     ^ 

empty  ood,  d,  ie  plared  in  a  freeiing  miilure  where  the 

d 

liquid  gu  oollecte.     Anj  fluid  which  diitiii  over  from 

o,  eolleoli  in  tho  bottom  of  the  middle  enrve.    A  u)iDut< 

A 

^ 

■n 

at  one  and,  and  holding  a  drop  of  toerourj  ;  tbe  mods 

7i 

SL 

of  readiag  tbe  pressure  ban  been  before  explained  (ZSD), 

'Sf 

>^ 

Latet  teaearcbes  of  Faraday. — In  1845, 
Faraday  published  the  results  of  his  experiments 
OD  tbe  liquefaction  of  gases  by  meoDi  of  solid 
carbonic  acid.  A  mixture  of  this  solid  with  ether, 
in  the  vacuum  of  an  alr-puoip,  gave  him  a  tempe- 
rature as  low  as  —166°  F. 

In  inch  a  bath,  at  the  ordinary  presaore  of  Hi* 
atmoiphere,  chlorine,  oxyd  of  cbloriue,  oyanogsn,  am-  *** 

mouia,  Biilphuretted  hydrogen,  araeninmUsd  hydrogan,  bydrlodio  Mid,  bydro- 
bromio  aeid  and  carbon io  acid,  were  obtained  in  the  liquid  form  andar  modarat* 
p[ea!-ureg.  Tbeie  liquidi  wore  colorleea,  with  the  eiMption  of  than  tnn  eUo- 
rine  and  oiyd  of  chlorine,  which  ara  colored  gaaei  in  the  ordieary  ilaU.  A 
number  of  tbe  liquefied  gaaea  were  aolidiHed.  The  reaulta  obtained  by  Faiaday 
DD  the  liqueraotion  and  eolidifleatioa  of  gaaea  may  b«  liniad  in  Table  XX. 

690.  TbUorier'a  and  Bianchl'a  appaiatna  for  aondeiiMtlon  of 
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gases. — To  avoid  the  danger  of  explosion  in  the  use  of  glass  tubes, 
and  at  the  same  time  to  obtain  large  supplies  of  liquid  gasCvS  in  a 
manageable  form,  a  powerful  apparatus  of  iron  has  been  contrived  by 
Thilorier;  and,  more  lately,  another  by  Bianchi  with  mechanical  com- 
pression, for  a  description  of  which  reference  may  be  had  to  the  Author's 
Chemistry . 

691.  Properties  of  liquid  and  solid  gases. — Liquid  carbonic  acid 
is  colorless,  like  water,  and  has  a  density  of  0*83.  Its  coefficient  of 
expansion  is  more  than  four  times  that  of  air.  Twenty  volumes  of  the 
liquid  at  32°,  becoming  29  volumes  at  86°. 

The  solidified  acid  obtained  by  the  evaporation  of  a  portion  of  the  liquid, 
appears  in  the  form  of  snow ;  when  congealed  by  intense  cold  alone,  it  is  clear 
and  transparent  like  ice.  It  melts  at  a  temperature  of  — 70°  F.,  and  is  heavier 
than  the  liquid  bathing  it.  The  solid  acid  may  be  preserved  for  many  hours  if 
it  be  surrounded  with  cotton  or  some  other  poor  conductor  of  heat.  It  gradually 
vaporizes  without  assuming  the  liquid  form.  The  temperature  of  this  solid,  as 
determined  by  Faraday's  experiments,  is  about  106°  below  0°  F.  Although  so 
intensely  cold,  it  may  be  handled  with  impunity,  and  when  thrown  into  water, 
the  latter  is  not  frozen.  By  moistening  it  with  ether,  to  which  it  has  a  strong 
adhesion,  its  low  temperature  is  at  once  manifested.  If  mercury  is  placed  in  a 
wooden  basin  and  covered  with  ether,  and  then  solid  carbonic  acid  be  added, 
the  mercury  will  soon  be  frozen.  The  temperature  required  to  freeze  the  mer- 
cury is  about  — 40°  F.  This  frozen  mercury  may  be  drawn  into  bars,  or  moulded 
into  bullets,  or  beaten  into  thin  plates,  if  the  operations  be  performed  with  woodto 
instruments. 

Natterbr,  with  a  mixture  of  liquid  protoxyd  of  nitrogen  and  bisul- 
phid  of  carbon,  records  a  temperature  of  — 220°  F.  Even  at  this  low 
temperature,  liquid  chlorine  and  bisulphid  of  carbon  preserve  their 
fluidity. 

In  protoxyd  of  nitrogen  gas,  combustibles  bum  with  nearly  as  great  intensity 
as  in  pure  oxygen ;  combustion  also  takes  place  in  liquid  protoxyd  of  nitrogen, 
notwithstanding  the  intense  cold.  A  fragment  of  burning  charcoal,  thrown  into 
this  liqnid,  burns  with  brilliant  scintillations,  and  thus  almost  at  the  same  point 
there  is  a  temperature  of  about  3600°  above  and  180°  below  Fahrenheit's  zero. 

692.  Latoor's  law. — From  his  experiments  on  the  conversion  of 
liquids  into  vapors,  Caignard  de  Latour  announced  the  following  law: — 

There  is  for  every  vaporizable  liquid  a  certain  temperature  and  pres- 
sure at  which  it  may  be  converted  into  the  aeriform  state,  in  the  same 
space  occupied  by  tht  liquid. 

In  these  experiments,  strong  glass  tubes,  furnished  with  interior  manometer 
gauges,  wore  partially  filled  with  water,  alcohol,  ether,  and  other  liquids,  and 
hermetically  sealed.  The  temperature  of  the  tubes  was  then  gradually  raised. 
Ether  becomes  a  vapor  at  328*',  in  a  space  equal  to  double  its  original  bulk, 
exerting  a  pressure  )f  37-5  atmospheres ;  alcohol  at  a  temperature  of  404^*5, 
with  a  pressure  of  119  atmiipheres,  and  water  disappeared  in  vapor,  in  a  space 
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ronr  timet  iU  awn  bulk,  at  th*  Urapentan  of  kboal  773".  It  Uuiattii'i  ta» 
belli  gu»d  in  tbuae  cuea.  tba  pruiBurei  eieiled  vuuLd  hftve  bfen  v«r;  mnob 
fCn&lcr  (ban  irera  agtuall;  obicrvBd.  Even  befcire  a  liquid  nholl;  diiappcan, 
the  olanlicilj  of  tba  vapor  in  found  to  iDi:re»«  in  a  proporliun  far  grealsr  llian 
la  tba  cue  aitb  air  «l  equiill;  olerated  Icmpenturea.  It  ia  aot  Itiererare  aai- 
pritiag  that  mere  pnaiuro  fails  to  iiqucf;  maaj  bodlsa  vhicb  eiiit  ordinaiil; 

093.  Denatty  of  vapoia. — Theaccui'ate  deter  mi  iiHCiou  of  the  den  Hit j 
of  vapiirs.  is  of  much  iuipurtaaoe  iti  Chemical  Pb;eiu».  U  u  accum- 
pliahed  bj  filling  a  globe,  or  other  vessel  uf  glass,  with  the  vapor  at  ft 
given  temperature,  and  weigbitig  it ;  this  weight,  divided  bj  the  weight 
of  &□  equnl  volume  of  air,  uoUer  the  same  ciraumstances  of  tempera- 
ture and  pressure,  gives 'the  density  of  the  xapor.  The  details  of 
the  methods  in  use  for  this  purpose,  belong  more  appropriately  to 
obemistrj. 

{  0.  Spberoidal  ooBdlUon  of  Liquid*. 

G94.  aplieroldal  atato.— Drops  of  water  scattered  on  a  polished 
surface  uf  heated  metal  do  not  immediatelj  disappear,  but  aeaume  Uie 
form  of  Satteoed  spheres,  rolling  quietly  about,  until  they  gradually 
evaporaU.  If  the  metal  baa  not  a  certain  temperature,  it  is  wetted  by 
(he  water  with  a  hissing  sound.  This  ohservatioD  was  made  in  1746, 
and  ten  years  after,  Liedenfrost  called  particular  attention  to  the  pfafl- 
nomenon.  Dcibereiner,  Laurent  and  othere,  also  experimented  upon 
this  subject.  They  fouud  that  saline  solutions,  as  well  as  simple 
liquids,  would  act  in  the  same  manner  as  water.  It  is,  however,  to 
Boutigny  that  we  are  particularly  indebted  for  the  investigation  of  the 
phenomena  uf  the  spheroidal  stale  uf  liquids. 

lUttatraUon  of  the  epbeioldal  Btat*. — The  above  experiment  may 
be  variously  performed,  uccurding  \o  the  ingenuity  of  the  experimei  ter. 

A  amall  smaotb  brags  or  inm  capaaie  is  hesUd  over  a  lamp,  flf.  49S,  and  ■  ttw 
drops  of  water  allowed  to  fall  upon  it  from  a  pipetM;  the 
dropa  do  nut  wet  the  meUllic  lurfaee,  bat  roll  about  in  ^'^ 

(pberoidsl  glpbulea,  uoilius  (ogatber  oHer  a  time  ii 
single  masB,  wbicb.  it  will  be  seen,  bas  llie  form  o 
oblaU  apberoid,  and  eraporates  but  slowly.  Tbia  ta  tbe 
condition  dialinguished  by  Boatign;  as  tba  spberi 
•tala.  If  tba  metal  is  allowed  Ui  cool  gradnally,  i 
the  lamperatnTB  falli  to  a  certain  point,  the  liquid  will 
burst  into  violent  ebullition  uid  qnlakly  evaporate.  ' 

The  spheroidal  state  may  be  produced  in  a 
air,  upon  the  smooth  surface  of  most  solids,  and  also  upon  the  surface 
of  liquids. 

Noticeable  phenomena  connected  iritta  the  apbetoldal  at«t«. 
— There  are  several  important  points  to  be  notiocd  at  regarda  tbit 
curious  subject.     The  chief  of  these  are,  tbat^ — 
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G96.  A  liquid  In  «  apberoldal  state  la  not  In  contact  wttb  tlie 
faeatad  BtiTboe  beneatll.— 'Thia  must  nppear,  on  reflectiun  upon  the 
facta  already  stated,  and  may  be  demonstrated  as  follows : — 

A  horiiontal  illier  plate  ii  aurmounted  bj  a  tube  of  the  game  metal,  fig.  4gT, 

il  placed  upon  the  eolipile  (704)  containing  aloobol.  which  ii  nicely  adjutled  10 
a  perfect  level  by  the  acrewi  in  the  triangular  haae.  Silver  i>  employed  to  avoid 
(he  formation  of  acatm  of  oxyd  of  copper,  which  would  iuterrere  with  the  obser- 
TMion  by  inisrpoiing  themaelTea  to  Ibe  light. 

When  the  pIsM  heated  over  the  lamp  reaobea  the  proper  lemperalare,  a  por- 
Uun  if  water  ia  plaoed  upor  ita  oentra,  and  immediately  aaanmea  the  ipharoldal 
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m>T  b«  diitincU;  gmn.  This  <^ou1d  Dot  fasppcs  it  (he  liqold  nu  in  eontut 
with  the  plkte.  If  a  think  nnd  hear;  lilver  upeule  i«  heated  to  ftill  wtiiteDau 
orer  (be  eallpile,  it  maj,  bj  an  adiuit  moTement.  ho  lllled  aotirelj  with  mter, 
and  let  upon  a  iland,  totne  >oi>ond)  Iwfiire  tbe  baai  decliaet  to  the  pelnt  when 
conUct  ran  occur  between  the  liqnid  and  the  mctiil.  When  thie  hippaua,  tb* 
wator,  before  quiet,  hureM  into  ateam,  with  almoit  eiplotiTe  Tiolenee,  and  it 
prq)ecud  in  all  direclioni,  u  shown  in  6g.  4B3. 

GOT.  A  repulsive  acUoa  ia  exerted  between  the  ■ptaeroid  uid 
the  heated  •arfaoe. — Tliia  propogltlan  follows,  indeed,  u  a  oonse- 
quence  of  the  loitt.  It  has  nlreadj  been  demon stnited,  that  a  liquid  does 
nut  wet  a  surfuce,  when  the  cahesion  which  eiist«  between  its  particles  i* 
duuble  of  their  adhesion  for  the  solid  (234).  This  adhe«iun  is  oot  ool; 
diminished  bj  heat,  but  a  repuUive  action  ii  exerted  between  the  hot 
bodj  and  the  liquid,  which  becotnes  more  intense  aa  the  temperalurn 
ie  bigher.  This  repulsive  aution  is  striltinglj  demonBtrated  bj  ibe 
following  eiperiment  of  Boutign; : — 

A  few  dropi  of  water  were  let  fall  Into  a  baiket,  romied  of  ■  net-work  of 
platinnm  wirN.  healed  red-bot.  The  water  did  not  pan  throngfa  the  maibei, 
even  wben  the  basket  was  rapidlj  rotated.  But  when  the  metal  wai  lafllBtentlj 
cooled,  the  water  immediately  rim  through  in  a  shower  of  small  dropa,  or  was 
quickl;  disiipated  in  vapor.  It  would  alio  nem,  that  vapon,  like  liqnldi,  are 
repelled  fVani  tbe  healed  xarface,  for  Buutignj  found  that  a  hot  eflrer  di«h  WM 
not  attacked  b;  nitric  aoid,  or  one  of  copper  b;  lulpburia  acid  or  unmouli, 
Tbe  latter  substance  had  no  action  upon  either  iron  or  liuo  at  a  high  tenperk- 
ture.  Tbe  auipcniinn  uf  chemical  alBait;  under  earlain  oonditioni  of  high 
tempersture,  is  a  fact  of  great  interest  in  the  phyiici  of  the  globn. 

698,  The  oauaeB  which  produce  the  apharoldal  foim  in  liqaidi 
are  at  least  four:— 

1st.  THt  Teptdsitt  farce  of  heal  exerted  between  the  hot  sarfaee  and 
the  liquid,  and  which  is  more  intense  as  the  temperature  rise*. 

2d.  The  lemperatuTe  of  the  plate  ie  so  high,  that  the  water  in  mo- 
mentarj  contact  with  it,  ia  converted  into  vapor,  upon  wtuoh  the  ipfae- 
raid  reeta  a«  upon  an  elastic  cushion. 
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3d.  The  vapor  is  a  poor  conductor  cfheaij  and  thus  prevoDts  the  con- 
daction  of, heat  from  the  metal  to  the  globule.  Another  cause  which 
prcTents  the  liquid  from  becoming  highly  heated  is,  that  the  rays  of 
heat  from  the  metal  are  reflected  from  the  surface  of  the  liquid.  This 
is  shown  by  the  fact,  that,  if  the  water  be  colored  by  lampblack,  heat 
is  absorbed,  and  the  OTaporation  is  much  more  rapid. 

4th.  Evaporation  from  the  surface  of  the  metal  carries  off  the  heat  at 
it  is  absorbed,  and  thuti  prevents  the  liquid  Arom  entering  into  ebulli- 
tion. The  form  of  the  oblate  spheroid,  which  the  liquid  assumes,  is 
the  combined  reeolt  of  tho  cohesion  of  the  particles  to  each  other,  and 
the  action  of  gravity  upon  the  mass. 

699.  Freesing  water  and  meroory  in  red-hot  craciblea. — The 
remarkable  phenomena  of  freezing  water,  and  even  mercury  in  red-hot 
crucibles,  are  striking  examples  of  the  production  of  the  spheroidal 
state  of  liquids. 

Bontigny  placed  a  portion  of  liquid  sulpharoas  acid  in  a  red-hot  yessel.  It 
ABSumed  the  spheroidal  state  immediately,  at  a  temperatnre  below  that  of  its 
ebullition,  that  is,  below  14°  F.  A  little  water  placed  in  the  spheroid  becomes, 
therefore,  cooled  below  32°  F.,  its  fireexing  point,  and  is  converted  into  ice. 

Faraday  placed  in  a  heated  crucible  a  mixture  of  solid  carbonic  acid  and 
eUier,  which  immediately  assumed  the  spheroidal  state.  Into  it  was  plunged  a 
metal  spoon  containing  mercury ;  almost  immediately  the  mercury  was  frozen 
into  a  solid  mass.  The  temperature  in  this  case  was  probably  as  low  at 
—148°  F. 

700.  Remarkable  phenomena  connected  with  the  spheroidal 
■tate. — On  the  principle  explained,  the  hand  may  be  bathed  in  a  vase 
of  molten  iron,  or  passed  through  a  stream  of  melted  copper  unharmed, 
or  one  may  stir  fused  glass  under  water  without  danger.  In  all  similar 
cases,  if  the  temperature  be  sufficiently  high,  the  moisture  of  the  hand 
assumes  the  spheroidal  state,  and  does  not  allow  of  contact  with  the 
heated  mass.  If,  however,  the  hand  is  drawn  rapidly  through  the 
melted  metal,  contact  is  mechanically  produced,  and  injury  follows  this 
rashness.  The  finger,  moistened  with  ether,  may  be,  for  the  same 
reason,  plunged  into  boiling  water  without  injury. 

701.  Explosions  prodnoed  by  the  spheroidal  state. — The  ex- 
periment illustrated  by  fig.  499,  may  be  modified  to  illustrate  explo- 
sions, and  some  other  interesting  facts  consequent  on  the  spheroidal 
state. 

A  copper  bottle,  fig.  499,  is  heated  as  hot  as  possible  over  a  double  current 
lamp,  and  in  this  state  a  few  grammes  of  pure  water  are  introduced  by  a  pipette. 
The  water  at  once  assumes  the  spheroidal  condition,  and  has  a  temperature  (as 
may  be  ascertained  by  a  thermometer)  below  that  of  its  ebullition.  If  the  neck 
of  the  bottlr  is  now  tightly  closed  by  a  good  cork,  the  evaporation  is  so  slight, 
that  Uie  pressure  of  the  vapor  within  is  not  immediately  sufficient  to  drive  out 
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the  cork.  If,  however,  the  lamp  is  wtthdrawn,  the  metal  will  soon  cool  8.»9- 
cieotly  to  allow  contact  of  the  water  with  it.  There  will  then  be  so  sudden  an 
evolution  of  a  large  volume  of  vapor  as  to  drive  the  cork  ..g 

from  the  bottle  with  a  loud  explosion. 

Steam  boiler  explosions  may  somotimes  be 
explained  by  a  knowledge  of  the  priDcipIes  here 
elucidated.  Thus,  whenever  from  any  cause  a 
deficiency  of  water  occurs  in  a  boiler,  as  when  the 
pumps  fail  of  a  supply,  or  when,  by  careening,  a 
part  of  the  flues  are  laid  bare  while  the  fire  is 
undiniini.shed,  a  portion  of  the  boiler  may  become 
heated  even  to  redness.  Water  coming  in  contact 
with  such  over-heated  surfaces,  would  first  assume 
the  spheroidal  state,  and,  almost  at  the  next 
instant,  burst  into  a  volume  of  vapor  so  suddenly 
as  to  rend  the  boiler  with  frightful  violence.  Numerous  accidents  are 
on  record  where  the  explosion  has  been  so  sudden  as  not  to  expel  the 
mercury  from  the  open  gauges.  The  fact  that  explosions  on  our  Ame* 
rican  rivers  have  occurred  most  frequently  just  at  or  after  starting  from 
a  landing,  is  explicable  on  the  view  here  presented  ;  the  vessel,  while 
landing  and  receiving  freight,  being  careened,  so  as  to  render  the  expo- 
sure of  some  part  of  the  flues  possible. 

702.  Familiar  illustrations  of  the  spheroidal  state,  and  effects 
of  the  spheroidal  state  of  liquids,  are  not  unfrequent  in  common  life 
and  in  manufactures. 

The  most  common  example  of  the  spheroidal  state,  is  that  of  a  drop  of  water 
on  a  boated  stove,  which  moves  around  in  a  spheroidal  mass,  slowly  evaporating. 
The  laundress  determines  whether  her  flat-irons  are  heated  sufficiently  foe  her 
purpose  by  touching  the  surface  with  a  drop  of  saliva  on  the  finger.  If  it 
bounds  off,  the  iron  is  judged  to  be  heated  to  a  proper  temperatare.  In  the 
manufacture  of  window-glass,  constant  application  is  made  of  the  principles 
here  explained.  The  masses  of  glass  are  first  formed  into  a  rude  hollow  cylin- 
der by  blowing  them  in  wooden  moulds.  In  order  to  prevent  the  charring  of 
the  mould,  its  interior  is  moistened  with  water,  which,  assuming  the  spheroidal 
state,  protects  the  wood,  while  it  does  not  iEgnriously  cool  the  glass. 

Saline  solutions  are  more  efficacious  for  tempering  steel  than  pore 
water.  Now,  as  the  point  of  ebullition  of  saline  solutions  is  higher 
than  that  of  pure  water,  contact  between  the  liquid  and  the  metal  is 
produced  sooner,  and  thus  the  steel  is  cooled  more  quickly,  and  the 
temper  is  better. 

Melted  metals,  like  iron  or  copper,  allowed  to  fall  into  water,  do  not  tbrow  the 
water  into  violent  ebullition,  as  might  be  supposed,  but  pass  in  a  brilliant  stream 
to  the  bottom  of  the  vessel,  the  water  in  contact  with  the  metal  asamiiiog  tbs 
spheroidal  state. 


HEAT. 


473 


2  10.  The  Steam-XSngine. 

703.  Historical. — The  principles  involved  in  ^he  construction  and 
theory  of  the  steam-engine,  have  already  been  sufficiently  discussed. 
A  few  words  must  suffice  respecting  their  practical  applications  in  the 
discovery  and  perfecting  of  this  remarkable  machine. 

For  the  first  rudiments  of  our  knowledge  of  steam  as  a  motor,  we 
must  go  back,  m  upon  many  other  so-called  modem  inventions,  to 
Egypt,  where,  130  years  b.  c,  Hero,  or  Heiro,  describes  in  his  "  Spiri- 
talia  9eu  Pneumatica,''  among  many  other  curious  contrivances,  whai 
he  calls  the  eolipiLe. 

704.  The  eoUpile  is  a  metallic  vessel,  globular,  or  boiler-shaped, 
containing  water,  and  provided  at  top  with  two  horizontal  jet  pipes, 
beot  into  the  form  of  an  S. 

This  apparatas,  fig.  500,  is  suspended  over  a  flame,  and  being  free  to  move, 
when  the  water  boils,  the  steam  rushing  out,  strikes  against  tibto  atmosphere, 
and   the  recoil   drives   the   apparatus   around  with   great  500 

rapidity.  This  is  in  fact  a  direct-action  rotary  steam 
engine,  and  undonhiedly  the  earliest  mechanical  result 
achieved  by  steam  power.  It  has  often  been  re-invented, 
in  numberless  forms,  in  modern  times.  In  another  form 
the  eolopile  is  made  to  blow  by  its  jet  the  flame  of  a  lamp, 
and  in  this  case  the  boiler  is  fixed  and  filled  with  alcohol  in 
place  of  water,  the  jet  descending  through  the  flame  of  the 
lamp  as  in  the  apparatus  seen  in  fig.  497.  Hero  describes 
also  other  devices  where  steam  was  the  moving  power. 

705.  First  steamboat. — Blasco  de  Garay,  a  sea- 
captain  of  Barcelona,  in  Spain,  in  1543,  moved  a 
vessel  of  200  tons  burthen  three  miles  an  hour  by 
paddles  propelled  probably  by  steam,  as  the  moving 
force  came,  it  was  said,  from  a  boiler  containing 
water,  and  liable  to  burst.  ■     -  -^^^^ 

This  experiment  was  made  on  the  1 7th  day  of  June,  1543,  in  presence  of 
Commissioners  appointed  by  the  king,  Charles  V.,  whose  report  secured  the  favor 
of  the  crown  to  the  projector.  But  what  is  unaccountable,  nothing  more  ever 
came  from  this  singular  success.  De  Guray  probably  employed  'Hero's  eolipile 
on  a  large  scale,  as  Hero's  work  above  named  was  about  that  time  translated 
into  several  languages  and  generally  diffused.  Pa^isiug  the  early  efforts  of  Bap- 
tista  Porta  and  De  Cans  (a.  D.  1615),  of  Brancha  (in  1629),  Otto  V.  Guerick 
(1650),  and  the  Marquis  of  Worcester  (1663),  wc  come  to  the  first  efBcient  steam 
apparatus  (that  of  Savary). 

706.  Savary*s  engine. — In  1698,  Capt.  Thos.  Savary  obtained  a 
patent  '*for  raising  water  and  occasioning];  motions  to  all  kinds  of  mill 
work  by  the  impellent  force  of  fire."  His  apparatus  can  hardly  be 
called  an  engine,  or  machine,  since  it  has  no  moving  parts. 


174  nirstcs  of  imponderable  aoenta. 

Fig.  MI  ia  S>TBr7>  angina.  Two  Ixtilan,  L  and  D,  are  »DnMl«4  logaUwr 
bj  tha  pipe,  H.  Two  "  eondraaen,"  P  aod  P',  ire  eanoMted  with  tha  imtgn 
boiler,  L,  b;  pi|>ei  enuring  at  top  of  both,  and  capabla  of  bdng  >llBniMBlr 
■hut  off  hom  tha  boiler  by  a  Talre,  mored  by  fiOI 

tha  larar  Z.     By  two  bruioh  pipes  IxDcMh  the  •'a  , 

eondeoaera,  •■ammiiDicBtioo  ii  eitahliahed  at  plea-  lUiffc 

<ure.b;Ihoaidoftheco<:ha  1,  2,  3,  4,  albernatelj 
with  the  well  by  T,  and  tba  open  air  by  tbe  oatlat 
pipe  8.  The  boiler,  L,  boiog  in  action,  the  con- 
deoiDr,  P,  for  eiample,  ira>  filled  with  itaain,  tha 
coeka  1  and  3  being  elated.  B;  udtIdk  Z,  the 
eoDdenter,  P',  wae  next  filled  with   ileim  alao, 

Inataot  cock  3  being  upened,  the  water  runhed  op 
throDgb  T,  to  nil  the  vacuum  oceuioned  b<r  tbe 
eondenaati..n  uf  the  alfxiii  in  I>.  The  lever,  Z, 
waa  IhoD  moved  to  oluao  i"  and  open  P  again  to 
the  boiler.  Coek  4  now  admitted  cold  Halar  to 
P',  and  coek  1  heiog  opened,  (be  direct  preainre 

out  of  P,    in    a  stream   through   the   diicharge    ^ 
pipe,  8.     Tlie  water  in  P'  waa   alio    diacharged    ' 

cundonsur  was  filled  with  eold  water,  and  again 
diacharged,  mainisioiDg  a  coDtinuoua  ilTeam  of  water  from  S.  To  anppij  the 
waite  of  water  in  the  boiler,  L,  the  contenta  of  the  smaller  boiler,  D,  were  from 
time  to  time  foreed  by  auperior  ateam  preasure  into  L,  through  the  pipe  H 
(provided  with  a  valve  for  that  porpoae),  reaching  near  the  bottom  of  D,  wbou 
capacity  waa  aucb  u  to  Bll  I,  to  a  auitable  heigbL  Tbe  boiler,  D.  wu  then  re- 
filled through  the  pipe,  S,  from  the  auppty  box,  X,  attached  to  the  diaehaige 
pipe. 

All  tbe  details  of  Savary's  DontriTance  show  a  itiea  adjuatmeat  (rf' 
DiPAtia  to  tlie  end  tfl  be  accomplished. 

707.  PapliWa  ■Warn  oyliDdeT,  Neiroomsa's  ansln*. — DeoTi 
Pnpin  (Pnif.  of  Mathematics  at  Marburg),  wbotie  Dame  is  ooiiDeeted 
with  Iho  high-Bteam  digi^ter,  suggested  in  1690  the  use  of  steam  to 
produce  a  vacuum  in  lieu  of  the  air-pump  before  used. 

Pot  this  purpoae  he  conttrucbcd  the  cylinder  of  sheet  iron,  and  built  a  fire 
beaealh  ita  imttum,  to  boil  a  portion  of  water  there  placed.    When  the  eyilnder 

steam  waa  condensed.     No  practical  result  ttollowed  this  clnmsy  coDtrlvance,  en 
which  PMpin'i  cDuntryoeD  roat  bia  claimi  to  be  eoniidered  aa  the  In* enlor  of  the 


,  in  ITIO.  lirxt  put  in  praclica  the  use  of  a  cylinder 
and  pinttm  in  the  p team-engine,  in  which  the  steam  wa»  alternately 
admitted  and  nj^ain  condensed  b;  a  stream  of  cold  water.  This  engina 
operated  agniost  the  pressure  of  the  atmosphere,  and  waa  affEotoal  in 
only  ore  direction,  i.  e.,  it  vtvt  a  Riugle  acting  eo^ne. 


HEAT. 


475 


603 


708.  The  atmospheric  engine  is  well  illustrated  bj  the  apparatus 
5howD  in  fig.  502,  which  was  contrived  by  Dr.  Wollaston,  to  show  the 
nature  of  Papin's  cylinder. 

A  glass,  or  metallic  tube,  with  a  bulb  to  hold  water,  i«  fitted 
with  a  piston.  This  piston-rod  is  hollow,  and  closed  by  a 
screw  at  a.  This  screw  is  loosened  to  admit  the  escape  of  the 
air,  and  the  water  is  boiled  over  a  lamp :  as  soon  as  the  steam 
issues  freely  from  the  open  end  of  the  rod,  the  screw  is  tight- 
ened, and  the  pressure  of  the  steam  then  raises  the  piston  to 
the  top  of  the  tobe,  the  experimenter  withdraws  it  from  the 
lamp,  the  steam  is  condensed,  and  the  air  pressing  on  the  top 
of  the  piston  foroes  it  down  again ;  when  the  operation  may  be 
repeated  by  again  bringing  it  over  the  lamp. 

In  all  the  early-  steam-engines,  the  steam  was  condensed 
within  the  cylinder,  either  by  water  applied  externally,  or  by  a 
Jet  of  water  thrown  directly  into  the  cylinder.  It  is  very  obvi- 
ouB,  that  a  great  loss  of  fuel  and  time  was  thus  involved  in 
bringing  the  cylinder ap  again  to  212°,  before  a  second  stroke 
eoald  be  made. 

Newcombn  and  SiiKATOir  constructed  very  large  engines,  however,  on  thi» 
principle,  and  applied  their  pow6r  directly  to  the  pumping  of  mines.  Although 
Smeaton  intDroduoed  an  improved  kind  of  mechanical  work  and  many  improve- 
ments in  minor  details,  and  better  boilers,  he  succeeded  only  'm  raising  the 
average  duty  of  steam-engines  from  about  five  and  a  half  millions  of  pounds, 
raised  one  foot  by  a  bushel  of  coal  (80  lbs.)  burned,  to  about  nine  and  a  half 
millions,  in  his  best  engines.  A  good  pumping  engine  now  raises  from  ninety 
to  one  hundred  and  thirty  millions  of  pounds  for  every  bushel  of  coal  burned. 

709.  Watt's  improvements  in  the  steam-engine. — The  steam- 
engine  as  it  was  left  by  Smeaton  was,  as  we  have  seen,  only  a  steam 
pump,  confined  to  the  single  function  of  raising  water,  and  incapable 
of  general  use,  as  well  from  its  imperfections  as  from  the  enormous 
cost  of  fuel  it  required. — ^Watt,  in  1763,  was  a  maker  of  philosophical 
instruments  at  Glasgow,  and  had  occasion  to  repair  a  model  of  the 
Newcomen  engine.  The  study  of  this  machine  and  its  defects,  led 
Watt  to  construct  a  new  model,  in  which  the  steam  was  condensed  in 
a  separate  vessel,  in  connection  with  which  he  subsequently  found  it 
advantageous  to  use  an  air-pump — to  aid  in  keeping  the  vacuum  good, 
as  it  was  otherwise  vitiated  by  atmospheric  air  leaking  in,  and  coming 
from  the  water  of  the  boiler.  These  ideas  were  matured  and  realized 
in  1705,  and  in  1769  he  took  out  his  patent,  in  which  all  the  essential 
features  of  our  modern  steam-engines  are  included.  In  connection  first 
with  Mr.  Roebuck,  of  Carron  Iron  Works,  and  subsequently  with  Mr. 
Boulton,  of  Soho,  he  put  his  ideas  in  practice,  and  by  reserving  to  the 
patentees  one-third  part  of  the  saving  of  fuel  effected  by  his  improve- 
ments, hb  genius  was  rewarded  by  the  accumulation  of  a  princely 
Cor  tune 
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710.  The  low  piBoauxa  qi  Gondenalng  engine. — Tl>e  low  pres- 
Mure  engine  itt  employed  io  all  Bituutluna  wliore  acunuoij  of  fuel  Mid 
Ihn  best  meuhaniual  effect  frmn  it  are  the  ruling  conalderaliont.  and 
where  lightneaa  and  aimplicit;  of  ounstrucli»ii  is  ullimpiirtaiit.  Thi« 
□luchine  nnw  rerouina  altnust  siaotlj  aa  Watt  loft  it.  OwinK  to  tlie 
nt^url;  perfeut  vacuum  ulituiaed  in  il  by  the  unndeDwr  and  air-jiDDip, 
much  less  preesure  of  >leani  ii  required  to  produce  a  given  mechanical 
re«uU;  r..  g.,  if  the  viicuum  is  equiil  to  fourteeu  lbs.  fttniuBphwio  prea- 
Bure,  thun  a  steam  preMure  of  six  ll)».  would  gire  an  efficient  moving 
force  of  twenty  Ihs.  to  the  machine.  Hence  the  proprietj'of  iho  term 
''  liiir  press Jre"  engine ;  but  in  pntctlce  it  ia  found  advnniageous  to  use 
higher  preanurea  in  the  oundeusing  enginei  than  Wntt  ever  oontem- 

Flg.  Si)a  ia  a  lectinn  of  tlii  ii;)indft,  A,  condenii«r,  r.  lir-pninp,  bat  and  cbld 
w»ll,  andarix 
anglue      Tbe  c 
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of  tlw  formn  itrok*  whish  bu  roan 
■0  thM  Ibe  piitoo,  B,  li  demndiag 
hot  wMsr  of  this  sondanifttioD  ii  con. 


waj  tnat  A  bj  th*  adiottoD  ^  Ip«,  d, 
a  Dtkrlf  pcrfMtTuanm  (ATI).    Th« 

[7  dnwD  off  through  the  rmlTa,  jb,  by 

it  Bdi)*  iU  ir*7,  lolkiMJ  hj  ths  plangar  pump,  8,  to  ihe  boilcn  bj  the  pipe,  F, 
*ad  lt>  TkliM,  00.  Tha  sold  water  pDmp,  7,  auppKei  a  ileadj  itraaiD  of  sold 
watn  b;  tha  spout,  r,  U>  tha  gold  well  B;  the  tims  the  piiton,  B,  hu  rsaehad 
ill  lomt  point  of  deuwnt,  tha  Talra  rod,  V,  and  eccautrio  bar,  8,  have  moTad 

whan  Che  alAaiD  abort,  B,  i>  in  <U  turn  Ukan  into  the  ijondeoaor,  e,  bj  tb* 
appropriM*  ohaaiMlj,  aod  r«moT»d  ai  alroadj  eiplainod  for  tb*  doiruirard 
((rob*.  Tha  piaton  rod,  C,  aod  ralT*  and  pump  rodi,  are  oonnecled  abova 
with  the  ^reat  vrorbing-baam^  wboaa  hirthar  aitremitj  ooDTajj  tha  powar  of 
the  angina  brtha  pitman,  0,  through  tha  Drank  pin,  B,  to  tha  main  abaft,  K, 
on  whieh  if  (he  flj-irbeel,  L,  to  glre  aleadinea*  of  notion  to  tke  vbole  app»- 
ratBi.  The  arrowi  iboir  the  motion  of  (beie  parti  a*  tbe  piiton  deioanda. 
The  goirerDOr,  i,  oontroli  Ihe  throttle- ralTe,  a,  bj  oonnectiona  not  ihown  in 


711.  Tbe  high  presiate  snglne. — In  this  machine,  the  escape 
al«am  is  drWen  ont  againat  the  presBure  of  the  atmosphere,  and  no 
■tt«nipt  is  made  to  ntiliie  Ita  capaaitj  to  form  a  Tacnnm,  oonHeqaeDtlj 
thia  form  of  appantiu  oonld  be  nied  aa  well  with  condensed  air,  or 
anj  other  elMtic  fluid,  u  with  steam,  if  there  woe  tmj  other  that  could 
compete  in  economj  with  it.  The  lightneis,  siniplicitj,  aad  low  coat 
of  tbe  high  pKMnre  engine,  make  it  availa-  jQt 

blein  spiteof  ita  aneconomical  use  of  steam, 
in  many  situations  where  a  condensing  en- 
gine would  be  nnavailable. 

The  ateain  arrirei  bj  Ihe  pipe,  Z,  flg.  604,  to 
tbe  iteam  eheit,  R,  and  li  admitted  allerDBlelj 
by  tka  porta  td.ta  the  lap  and  bottom  of  tbe 
ejlhider,  AA,  aa  the  Talre  rod,  8,  aotaated  bj 
the  eeeentrie,  /,  on  tbe  main  ahaft,  opana  and 
•haU  the  porta  b;  the  elide  Talre  in  K.  Tha 
•eeape  iteam  mahee  ita  eiit  throogh  ;  (o  the 
atmoaphera.  The  pitman,  P,  eonreji  tbe  motion 
of  the  platon,  C,  to  tha  crank,  Q,  and  the  main 
~ '  'i  it  Ibe  large  Bf-wheel,   i,    la 


anlati 


The 


',  V,  who»  balta  Hj 


ragnlaUd  bj  the  goTerai 

ant  with  tbe  eeDtrifnsaJ  forea  or  a  more  rapia 
moUan,  and  bj  Ibe  rod,  A  i,  eloae  mora  or  leaa 
Ihe  throUla-T^Te,  i,  whieh  regelates  lh«  mpplj 
of  ataem;  tha  pomp,  00,  luppliee  water  to  the 
boUar,  and  it  moved  by  the  rod  and  eeoentrio,  g. 


712.  Tha  C 


it  oS. — Tbe  supply  of  steam  both  to  the  high  and  low 
I  ia  further  regulated  by  a  eoDtrivance  called  the  "  cat 
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off,"  whioh  may  be  nI  to  cut  off  the  fluw  of  st««m  entirely,  or  at  an}, 
IrfirtioD  of  the  Btmkc,  u  one-half,  or  one-third.  The  eipMibn  of  th* 
etMm  than  completes  the  work,  nad  great  eoonom;  of  fiiel  is  fbntid  to 
follow  iu  use. 

713.  Staam  bollsn. — The  form  of  eteam  boilen  variei  very  much 
with  the  purpoBB  to  which  they  ar«  to  bo  applied.  On  land,  larga 
boilers  may  be  eafely  used,  which  would  be  wholly  Talaelew  at  sea,  or 
on  a  luco motive  engine. 

PlaU-iroa  (tronglj  rireted  tad  hncHl,  ii  tb«  maMrial  MmUoing  Ui*  gi'saixt 
•ounDm;  ud  iCnngtb.  Cnpper  csa  bg  dhhI  onlj  whan  tbs  fad  ooutaiui  do  nil- 
pfaur,  and  it  tfaa  beit  malcrial  Co  TestRl  oorroiiTfl  ■g«Dtj.  SimpU  ejUDdripml 
boilaiB,  laid  horiiont&ll;,  wiLh  ■  Sn-flua  andar  tha  whola  lomr  ■nr&oa,  an 
eommoDlj  used  fur  bigh  prBMuraa.     Whan  thaae  an  made  larg«  anangh   to 

called  Cornighboilan.   Whan  tha ir  AGS 

oanatnictiun  is  gtill  farthar  mud 


poiaibla   incraan  of  Bra  larfaca,        1 

11                        II 

ai    in   tb»  anneiad   Ggura,   bOi;     ,M 

li      mU— arfft 

boiler  laen  io  «B«ion.     D,  i.  tha    W 

M^^^^^^fll 

fead-door,  for  fual   to  t1i<  furasce  "D 

^       m 

or  flra-boi,   A,  which   commani-     If 

by  waler,  with  tha  buo  of  tba     ■ 

chiiDnay,  B,  ioto  which  Iha  blait  ot  exh 

lautt  >te>m  from  tbe  aogina  ij  drl**a  at 

K.     E,  i»  tha  itcam  chaiubcr,  where  a 

trumpet  tube  in  tha  dome  H>n»aji  tb* 

dry  slaam  on  its  way  to  Ihe  cjliodar  t 

hrough  P.     Siaam  beil.n  ».  .appIM 

with  hot  w&lcr  by  a  furca  pump,  and  ga 

uga  coabs  indical*  Ibe  wMei  laraL 

714.  Meobanioal  powei  of  ataam. — Horaa-powei. — As  eteam- 
engiaes  were  originallj  employed  to  take  the  place  of  horsaa  in  raising 
water,  it  was  natural  to  eiitimate  their  power  by  the  number  of  animab 
they  replaced.  Ihe  value  uf  any  force  is  correutly  stated  •■  the  num- 
ber of  pounds  raised  one  foot  high  in  a  givsn  time  (foot-pounds).  As 
the  UM  of  jiteam  became  general,  tha  tenn  liorte-powtr  was  retained, 
but  its  use  was  restricted  by  Watt  to  mean  33,0(XI  lbs.  raised  oue  (bat 
per  minute,  or  nearly  2,000,000  lbs.  raUed  one  foot  per  honr. 

Ai  ana  oubio  foot  of  water  eonvoTted  into  atoam  yields.  In  roDBd  noubsif, 
ITPU  cnbie  inches  of  vapur.  ita  mechanleal  aflbct  at  atraoipharia  ptvfauia*,  b 
aqviralant  to  rBiaitig  li  Ihn.  1 700  incha*  (or  142  feet]  in  a  tabe  ot  oBO  nifh  ana. 
Bot  U  Iba.  raiaed  142  feat,  ia  tha  aame  thing  aa  142  limea  IS  lb>.  raiaej  one  thai, 
or  1130  Iba.,  or  nearly  a  grnan  ton.  The  total  machaDiaal  force  dnsKiped  hj 
ol  nging  one  cubic  Inch  of  wnier  into  t'DO  cubic  iarbea  of  ateam  it.  (benfiii*, 
n>ar1y  one  tun.  Only  BO  or  70  parts  of  tbia  power  are,  however,  ivriTdad  u 
a  nally  available  in  nae,  deducting  friction  and  Iom  fron  slbtr  tamrt.     Tb*n- 
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fore,  the  eraporation  of  a  cubic  foot  of  water  in  an  hoar,  subject  to  this  deduc*  ion, 
will  give  the  full  force  of  about  1000  cubic  inches  of  water  concerted  into  steam, 
■■  the  expression  of  one-horse  power  (vis.,  33,000  lbs.  X  ^^  =  1,980,000  lbs.), 
or  nearly  2,000,000  lbs.  raised  one  fooL  This  is  a  somewhat  rough  approxima- 
tion, but  it  giTes  constants  easily  remembered  and  sufficiently  near  the  truth. 

A  boiler  of  one-hundred  horse  power  means,  then,  a  boiler  capable  of  evapo- 
fmting  100  eubic  feet  of  water  per  hour. 

In  practice,  it  is  common  to  allow,  in  large  land  engines,  for  erery  horse 
power,  one  square  foot  of  fire  bars  in  the  grate,  three  cubic  feet  of  furnace 
room,  ten  cubic  feet  of  water  in  the  boiler,  and  ten  cubic  feet  of  steam  chamber. 
In  looomotires  and  steamships,  these  proportions  rary  rery  much. 

715.  Eraporatiiig  power  and  value  of  fneL — In  England,  engi- 
neers estimate  ten  pounds  of  bituminous  coal  for  every  cubic  foot  of 
water  (u  e.  every  horse  power)  to  be  evaporated.  In  carefully  con- 
•tmcted  boilers,  however,  this  effect  is  produced  by  seven  or  eight 
poands  of  coal.  In  the  Cornish  boilers,  where  a  very  large  evaporating 
•arface  is  allowed,  five  pounds  of  coal  only,  and  sometimes  less,  are  used 
per  horse  power.  In  the  United  States,  anthracite  coal  averages  ten 
pounds  of  water  evaporated,  for  every  pound  of  coal  burned.  This 
would  give  6*25  lbs.  of  anthracite  for  each  cubic  foot  of  water  evapo- 
rated. A  well  regulated  current  of  vapor  conducted  over  the  flame  of 
tntuminoos  coal  by  Dr.  Fyfe,  raised  the  evaporative  effect  produced  37 
per  cent,  above  what  was  obtained  from  the  unassisted  coal.  This 
increase  is  due  to  the  decomposition  of  the  steam  by  the  hot  fuel,  and 
the  consequent  effect  of  the  pure  oxygen  on  the  carbon.  Well  seasoned 
wood  (beech  or  oak),  still  containing  about  20  per  cent,  of  water,  and 
well  dried  peat,  have  about  equal  evaporating  power,  and  are  only 
about  two-fifths  as  effective  as  an  equal  weight  of  ordinary  bituminous 
coal. 

Welter  hat  observed  that  those  quantities  of  a  combustible  body  which  require 
an  equal  amount  of  oxygen  for  combustiou,  evolve  also  equal  quantities  of  heat ; 
although  later  researches  show  this  conclusion  not  to  be  strictly  true,  it  is  sup- 
ported by  many  facts.  In  all  cases  of  combustion,  the  action  is  reciprocal ;  the 
oxygen  is  burned  in  the  fuel  as  truly  as  the  ftiel  by  the  oxygen,  and,  therefore, 
the  same  amount  of  heat  is  generated  by  a  given  amount  of  oxygen,  whether  in 
eonrerting  carbon  into  carbonic  acid,  or  hydrogen  into  water.  To  bum  one 
part  of  carbon,  requires  2-66  parts  of  oxygen  (CO,  as  16  -s-  6  •«>  2-66),  and  to 
bum  one  part  of  hydrogen,  requires  8  parts  of  oxygen.  It  has  been  proved 
experimentally  (by  Rumford)  that  78  parts  of  water  are  raised  from  32°  to  212° 
by  burning  one  part  of  carbon,  while  one  part  of  hydrogen  so  burned  will  raise 
236*4  parts  of  water  through  the  same  degrees.  It  therefore  follows,  that  one 
part  of  oxygen,  burning  carbon,  will  heat  78  -f-  2  66  =«  20*25  parU  of  water 
from  32°  to  212°;  and  also  that  the  same  quantity  of  oxygen,  in  burning 
hydrogen,  will  heat  236  4  -s-  8  =>  20-56  parts  of  water  through  the  same  degrees. 
The  heating  effect  of  oxygen  may,  therefore,  be  assumed  to  be  30,  or,  in  units 
of  heating  power,  6400. 

If  the  heating  effect  of  pure  carbon  is  tal'en  at  unity,  the  relative  heating 
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T  •qiikl  walghti : — hjdrogaB,  B ; 
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•n  ]U  of  combaMIblu  will  ranga  ai  fblloitt  fi 

T<get*bl«ail,  MS— lHj  etber,  l-OI;  Eubon, 

O-SS;  (ood  Mnl,  OTT ;  dry  wood,  t-it ;  wood  (wilh  30  par  ent.  <nl«T),  t-Si; 

put,  0-33— 0  88.— (KnBpp.)     Compuii  j  TS3. 

The  beat  eipaaaive  steBini-engiDtw,  it  is  ealoulatod,  givs  bftok,  in  tbe 
fbrm  of  mecbanical  work,  onlj  abunt  18  per  oant.  of  tbe  best  g«nerftt«l 
bj  the  fuel  burned  in  driviog  them. 

Pruf.  W.  R.  Johagon  ("  experiments  on  ooftle")  Mid  others,  argaa, 
•«  the  result  of  experiment,  that  the  total  unount  of  oarbon  in  a  fael, 
ie  the  measure  of  its  practical  evaporatiTe  power.  His  resalta  Taij 
nearl;  sustain  this  view.  He  fonnd,  ftlso,  thftt  ftbont  86  per  oenL  (rf 
the  total  heating  power  were  expended  id  evapomtiDg  wat«r,  and  about 
14  per  cent,  were  tost  in  the  products  of  aombustion.  Of  the  total 
heating  power,  bj  calculation,  about  21 

SB  deduced  from  the  experimental  eSeete  stated  in  his  tables. 
{  11.  VautiUtion  and  VaimlnE. 


716.  CaneDts  in  rIt  and  gueB  depend  npoo  prinoiplea  whioh 
hare  already  been  full;  explained, — but  the  subjects  of  ventiUtion  and 
artificial  heating  are  of  such  great  importance  in  dailj  life,  that  tbej 
demand  a  brief  and  separate  consideration. 

Currents  arise  in  air  from  differences  of  temperature  and  Tuialioa* 
of  pressure.  The  perfect  freedom  of  mOTement  in  air,  renden  its  Am- 
tnations  from  these  causes  incessant.  If  tbe  air  was  riribla,  arerf 
candle,  gos-IiKht,  itove,  fumace-fluB,  and  human  bod;,  would  be  wen 
to  be  tbe  centre  of  an  ascending 
column  of  heat«d  air,  whose  place 
was  oonstantt;  supplied  b;  other  and 
colder  parades. 

On  tha  t%w  of  tha  aqalllbrlam  of  flo- 
Idi,  iba  Mflending  enrranta  mnit  indofle 
othara,  daiondlug  uid  boriionUI,  *D<t 
^lui  >  clroulalor;  motion  Is  impsrlad, 
CTen  bj  m  aingla  lighted  c 
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gmokea.      If  [he 

und  B  Fmndle  !■  bald  near  the  top  crack,  e, 

bg  £0e,  tha  wsrm  ail  of  the  room  is  teen 

to  draw  autwardt,  oarryiag  the  llama  with 

it,  and  a  fferreiponding  cold  aarreat,  a, 

fluwa  in  at  the  bottoni,— while  a  point,    -  -*— ' 

b,  will  h«  n>Dnd,  nidiraf  it*  beigbt,  where  the 


a  wiDdow,  putl;  open,  >ill  w 


Thii  oanctent  interchange  of  motion  in  unequally  heated  naMiee  of 
ur,  while  it  soon  poisons  the  oonfioed  atmoapbere  of  a  oIobs  apartment, 
where  manj  panoni,  with  or  without  lights,  are  asaeinbled,  also  supplies 
the  easj  means  of  coring  one  of  the  greatest  eTils  of  civiliied  commn- 
nitiee. 

717.  Dnnght  ia  ohimnaTa. — Chimnejs  draw  because  the  produde 
if  MnbustioD  discharged  into  them,  are  apecificall;  lighter  than  the 
later  air.  The  oolumn  of  heated  air,  C  D,  fig.  507,  rises  with  a'  velocity 
proportionate  to  the  excess  of  weight  in  a  column  of  the  outer  air,  A  B, 
«f  the  aame  area  and  height  The  laws  of  falling  bodies  (Tl)  apply 
to  this  eaae  in  ererj  par^cular. 

BappoM,  for  aismple,  >  ehimnB;  ii  18  Aat  high,  woi  tha  g>*e*  Id  it  «n 
hsslad  to  100°  F.,  Iht  oubet  i^  btiag  70°.  Tha  contaiaad  aolamn  wonld,  tbsra- 
foie  (tOT),  sipud  ^,  or  iboat  j^tfa  of  iU  .„* 

ortgiDal  bulk  at  70°.  A  colnmn  of  IB  hat  of 
■BBh  Mil  would,  thanfora,  b«  raqnind  to  co 
terbklsnoa  one  of  18  (aat  blgh  in  Iba  <i 
nal  ur  at  TO",  and  of  tha  uma  araa.  ' 
heated  air  will,  Iharafora,  rig*  (for  tbo  ii 
raaton  tbal  a  ballnan  liMa),  witb  a  relm 
•qoal  to  tbat  aeqaired  b;  a  bod;  falliDg  throi 
ona  loot,  1.  a.,  a  ipaoa  aqual  lo  tba  diffaraDC* 
baight  of  tha  two  oalamni — of  rquat  tcn^ 
Tb*  law!  of   gnvitj,   Iborefore,   (npplr    the 

of  the  aKsoding  colnmn,  and  of  eonna  that, 

wilb  tha  ana  of  tb«  orou  safltioD  of  tbe  IId», 

will   daunuino  tha  qnanUtj   of   air  pasal 

thiODgfa  Ibe  ofaimnc;  in  a  giTeD  tima     But  1 

tHetion  of  tha  air  againit  Eha  ildai  of  Lhs  fli 

nnd  tha  Tsijlng  dengity  of  tha  prodaeU 

•onlnutlon  aomparsd  with  air,  dunlDlih    I 

tbMntinl  laloiitj,  and  it  u  nmal  to  allow  a  -^  ^  -■^     • 

deduction  of  ona-lbnnb  for  thaae  oaoaea      The  following  ml*  will  to  found  to 

fir*  a  maelenUj  axsot  praotlcal  oipraiaion  of  the  nlooitj  of  ^r  la  ebltnnays 

and  Ttntilating  flnai. 

MuUifiy  Ae  tqaart  root  of  Oe  diferaiee  in  height  o/tketw)  wlumn* 
of  air  {deduced  at  above)  expraitd  in  fttt  and  dteimaU  of  a  foot,  by 
tight;  deduct  on^fourih,  and  the  product  of  the  remainder,  muUiplied 
bjf  mrfy,  mil  give  the  vdoeiti/  of  efflux  per  minute ;  and  the  area  of  the 
pu  i^feel,  or  deeimaU  of  afoot,  multiplied  by  the  vdoeity,  wUl  give  the 
emnier  of  cubic  feet  di»charged  per  minute. — (Hood.) 

Tki(nile,iiitfaeoaMmi|p(Med,woaldl>e|  (iVT)  X 60  =- 360 ca1»o 
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feet  of  gases  discharged  per  minate,  by  a  flae  18  feet  high  and  one  fool 
area,  whose  temperature  is  30°  above  the  outer  air. 

Chimneys,  in  the  sonse  we  mean,  were  not  known  to  the  aneienti.  Holes  io 
the  roof,  and  windows  allowed  the  escape  of  smoke  from  the  kitchens  of  the 
Inxarious  Romans.  Bat  the  mild  climate  of  the  Mediterranean  shores  did  not 
require  much  attention  to  means  of  artificial  warmth.  In  the  houses  of  anoieni 
Herenlanonm  and  Pompeii,  exposed  in  modem  times,  there  are  no  chimneys. 
But  eren  in  England  and  France,  where  fires  in  winter  are  necessary,  chimneys 
were  first  introduced  only  in  the  middle  of  the  14th  oentury.  The  Curfew  Bell 
{eouvre-feUf  fire  cover)  was  needed  as  a  precaution  against  the  danger  of  firsi^ 
without  chimneys. 

Reversed  draughts  and  smoky  chimneys  ocour,  Ist,  when  toe 
flue  or  fire-place  is  badly  conRtnicted ;  2d,  when  two  flues  open  into 
one  apartment,  or  two  connecting  apartments,  and  there  is  a  fire  in 
only  one  flue ;  3d,  when  a  powerful  fire  exists  in  one  part  of  the  hoosSy 
as  the  kitchen,  for  instance,  without  an  adequate  supply  of  air  from 
without,  it  will  draw  the  needed  supply  through  the  smaller  flues  in  all 
parts  of  the  house,  reversing  the  draught  in  them ;  4th,  when  (as  in 
many  old  houses)  the  flue  is  so  large  that  oold  currents  may  descend  in 
the  angles,  while  a  heated  one  ascends  the  axis ;  5th,  when  a  neighbor- 
ing higher  house  or  eminence  directs,  in  certain  states  of  the  wind,  a 
cold  current  down  the  flue. 

The  remedy  for  reversed  draughts  is  best  found  in  one  commanding 
central  stack,  into  which  all  the  minor  flues  discharge,  while  exhaust- 
ing cowls,  like  fig.  511,  are  the  best  cure  of  smoky  chimneys. 

718.  Products  of  respiration  and  combustion,  and  necessity 
for  ventilation. — By  contact  with  the  lungs,  and  with  burning  fuel, 
the  air  is  contaminated,  chiefly  with  carbonic  acid,  water,  effete  nitro- 
gen, oxyd  of  carbon,  and  animal  odors.  Every  full  grown  individual 
consumes,  in  every  minute  of  quiet  respiration,  about  500  cubic  inehes 
of  BIT.  About  14  ounces  of  carbon  are  burned  by  the  air  out  of  the 
body  of  a  man  in  twenty-four  hours,  and  all  this  is  returned  in  the 
form  of  carbonic  acid  to  the  air. 

Such  air  cannot  be  breathed  again  without  danger.  Mixed  with  the  rar- 
rounding  air,  it  contaminates  that  also.  Headache,  languor,  uneasy  respiration, 
aausea,  faintness,  and  syncope  are  results  which  always  follow  from  breathing 
air  contaminated  with  these  poisonous  exhalations,  even  in  very  oioderals 
quantity.  Even  two  per  cent,  of  carbonic  acid,  derived  from  respirttioa  or 
combustion,  may  produce  all  the  symptoms  above  named.  The  ftill  chemieal 
and  physiological  evidence  upon  this  important  subject  eannot  be  here  given, 
but  the  evils  arising  from  the  slow  and  insidious  effects  of  the  poison  oif  bad 
ventilation,  can  hardly  be  over  estimated.  In  ordinary  eombnstioa,  espeeiaily 
wiih  slow  fires  and  an  imperfect  supply  of  air,  carbonic  oxyd  is  also  prodoeed^ 
and  this  is  one  of  the  gases  most  likely  to  leak  from  hot-air  fbmaees  when  the 
Jointii  are  not  tight.  It  is  much  more  destructive  of  lifo  than  earbonie  aeidy  of 
those  gases  of  sulphur,  whose  presence  is  at  onoe  declared  by  their  odor. 
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719.  The  quantity  of  vapor  given  oH  by  the  body,  in  sensible 
and  insensible  perspiration,  and  by  the  lungs,  is  very  considerable, 
being  not  lees  than  ten  or  twelve  grains  each  minute,  or  about  three 
pounds  per  day,  which,  with  the  quantity  of  carbonic  acid  expired, 
makes  aboat  three  and  a  third  pounds,  besides  other  ezcrementitious 
matter,  given  off  in  twenty-four  hours. 

If  the  air  of  a  crowded  apartment  is  condacted  through  water,  so  much  ani- 
mal matter  is  collected  in  the  water  as  to  occasion  a  speedy  putrefactive  fermen- 
tation, with  a  disgusting  odor.  The  blast  of  air  escaping  at  the  upper  ventilator 
of  a  crowded  assembly  room,  is  so  oppressive  as  to  produce  immediately  the 
most  distressing  symptoms.  While  we  instinctively  shun  all  contact  with 
unclean  persons,  and  what  we  call  dirt,  even  refusing  a  cup  thai  has  pressed 
the  lips  of  another,  and  esteem  all  water  not  transparent  as  foul,  it  is  marvellous 
with  what  thoughtlessness  we  resort  to  crowded  and  ill-ventilated  public  places, 
and  drink  in  the  subtle  poison  exhaled  from  the  lungs,  skin,  and  clothing  of 
every  individual  in  the  assembly.  Especially  when  we  remember  that  while 
the  digestive  apparatus  can  select  and  assimilate  nutriment  from  food  of  ques- 
tionable quality,  the  lungs  have  no  such  power  of  selection,  and  can  discbarge 
their  duty  to  the  blood  only  by  a  full  supply  of  pure  air.  If  the  transparency 
of  air  was  troubled  by  the  exhalations  of  the  lungs  as  water  is  by  Uie  washings 
of  the  body,  no  argument  would  be  needed  to  secure  attention  to  the  importance 
of  ventilation  ;  and  yet  it  is  quite  true  that  the  bodily  health  suffers  more  from 
inhaling  effete  air,  than  it  could  from  drinking  the  wash  alluded  to. 

720.  The  qoantity  of  air  required  for  good  ventilation,  is  very 
variously  stated  by  different  authorities.  Enough  fresh  air  must  bo 
supplied,  obviously,  to  replace  all  that  is  contaminated  by  the  lungs, 
the  body,  and  sources  of  illumination.  But  to  determine  exactly  how 
much  these  several  sources  of  deterioration  demand,  is  not  so  easy. 
The  amount  of  air  needed  to  remove  the  products  of  respiration,  ia 
very  much  less  than  is  required  to  absorb  the  vapor  of  water  given  off 
from  the  lungs  and  the  skin.  The  quantity  of  vapor  the  air  can  take 
up,  will  depend  on  its  dew-point  and  temperature.  Hood  estimates 
three  and  one-quarter  cubic  feet  of  air  per  minute,  for  each  individual, 
in  winter,  with  an  external  temperature  of  20°  or  25°,  and  a  quarter 
of  a  cubic  foot  per  minute  to  supply  the  waste  from  the  lungs,  making 
three  and  a  half  cubic  feet  per  minute,  or  two  hundred  and  ten  cubic 
feet  per  hour  in  winter,  and  five  hundred  in  summer.  Peclet  estimateb 
it  at  two  hundred  and  twelve  cubic  feet  per  hour.  Dr.  Reid  estimates 
the  quantity,  as  high  even  as  thirty  cubic  feet  per  minute  per  individual. 
Brenan  puts  it  at  10*25  cubic  feet. 

721.  Products  of  gas  illumination. — Every  cubic  foot  of  gas,  of 
average  quality,  requires  the  oxygen  of  about  twenty  cubic  feet  of  air 
(vii.  4*25  cubic  fee*  oxygen)  to  burn  it,  and  produces  rather  over  a 
cubic  foot  of  caroonic  acid,  still  more  water,  and,  if  the  gas  is  impure, 
■ulphurous  acid  and  compounds  of  ammonia  will  be  added,  which. 
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dissolviDg  in  the  watery  vapor,  condense  upon  and  corrode  famitore, 
books,  metallic  articles,  &o.  Every  pound  of  coal  gas  burned  prodaoea 
2*7  lbs.  of  water,  and  2*56  lbs.  of  carbonic  acid ;  and,  as  a  cable  fool 
of  coal  gas  weighs  about  290  grains,  twenty  cubic  feet  will  weigh  a 
pound,  a  quantity  which  four  common  fish-tail  burners  consume  in  an 
hour.  The  capacity  of  air  for  moisture  at  68^,  is  7*31  grs.  per  cubic  foot, 
(t  would,  therefore,  require  2373  cubic  feet  of  air  at  68^  to  retain  tht 
water  from  twenty  feet  of  gas,  and  nearly  five  times  as  much  at  20^  F., 
not  to  name  the  amount  required  to  dilate  the  carbonic  acid  and  free 
nitrogen  produced. 

It  is  needless  to  add,  that  the  yentilation  of  gas  bnniert  is  an  importaat 
matter.  Fortunately,  a  gas  chandelier  affords  one  of  the  best  means  of  pro- 
ducing an  upward  current  in  an  assembly  room.  Candles  and  oil  consume  mort 
air,  and,  of  course,  produce  more  effete  products  for  an  equal  amonnt  of  light 
than  gas. 

722.  The  aotaal  ventilation  of  buildings  ia  a  practical  prob- 
lem, to  be  wrought  out  in  each  case,  with  careful  regard  to  the  prin- 
ciples and  facts  just  stated.  The  supply  of  air  required  may  be  obtained 
in  two  ways : — Ist,  by  the  ascending  column  of  heated  air  in  a  shaf^ 
drawing  after  it  the  effete  air  to  be  removed,  and  supplying  its  place 
by  fresh  air,  warmed  in  its  progress  to  the  apartments.  This  is  called 
thermal  ventilation;  or,  2d,  mechanical  force  may  be  508 
employed,  by  means  of  revolving  fan-wheels  driven  by 
a  steam-engine,  or  otherwise,  forcing  the  air  through 
the  apartments  tP  be  warmed  and  ventilated.  This  is 
called  mec?ianical  ventilation. 

By  the  first  method,  Dr.  Reid  yentilated  the  House  of  Com- 
mons in  England.  By  the  second,  Mr.  Rice  ventilated  the 
House  of  Lords  with  a  fan- wheel,  over  thirty  feet  in  diameter. 

723.  Stone'a  ventilating  ahaft. — An  excellent  com- 
bination of  the  thermal  ventilation,  with  the  plan  of 
hot-air  furnaces,  so  generally  used  in  the  United  States, 
has  been  devised  by  S.  M.  Stone,  Architect,  which  has 
been  found  efficient  in  the  New  Haven  City  Prison,  the 
State  Reform  School,  and  other  similar  buildings. 
Fig.  508  shows  a  plan  and  section  of  this  system. 

A  rentilating  shaft  of  brick,  C,  rises  in  the  oentre  of  t&e 
bouse,  through  the  axis  of  which  passes  a  oast-iron  smoke 
flue,  A,  carrying  off  the  waste  products  of  the  furnace.  The 
radiant  heat  of  this  iron  flue  heats  the  air  in  the  shaft  B. 
Openings,  D  and  D,  are  pierced  from  the  various  apartments 
mto  this  shaft,  and  allow  the  air  of  the  rooms  free  opportunity 
of  escape,  solicited  by  the  powerful  ascending  draught  of  the  vertical  shaft 
Distant  apartments  are  connected  with  the  shaft  by  horisontal  pipes  of  wood  4ff 
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724  Cold  ouTTBiita  produced  b;  icB.^Sefrigeratoia. — Air,  in 
eoutttct  with  ioe,  auquirta,  ofcourHe,  a  low  temperature,  and  purts  with 
m  larga  p>rt  of  its  niolature.  Thus,  sDuw-clud  muuntuine  and  gisuiera 
,  Dftlnrally  Mnd  down  Ui  the  vaJleya  below  ■  current  of  cold  air,  flowing 
Bke  wal«i  orei  the  eurfuue,  especial];  at  night,  wheo  the  absence  of 
Ihfl  son  praventa  the  Bccumiilation  of  heat  on  the  earth's  eurfoue. 
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"    the  amne  priooiple  bu 

nd  filO  thu' 


■g.  610,  IB  iiutained  npon  ■  ibelf  in  (be  npper  part  of  the  box 
'inble  eharooiJ  liojiigi.  Tb*  ur  enteri  bj  Ibe  regiilcr  openingn,  C,  snd  eomlng 
I  eooticl  with  the  in,  le  cooled,  ud  falJi  to  Ibo  boitum,  ■■  iDdicmlcd  bf  Ibe 
MTDWi,  wberB  it  findi  it>  egreas  at  E,  belwHD  boUoir  nallt.  and  BnailT  eaqapet 
I  as  ia  as  inierted  sypbon.  To  tbis  waj  a  gentle  curreol  of  about  ti"  ¥. 
Il  iteadity  maintjiined  as  loni;  as  tbe  ire  Isats.  and,  being  dry.  arti«]el  of  food 

been  uh<1  for  large  apartmcntE. 

725.  Cowls. — BmeiBon'B  venttlatora. — Advaolage  ia  taken  of  the 
ODireata  in  the  eiternal  air.  to  aid  in  eatabliahinj^  venlilaUon  in  hgDaea, 
•nd  draught  in  chimoajs,  b;  the  use  of  ventilating  cowIb, 


Tbei< 


■ind      One  c 


oilb  a 


, appein 
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to  be  the  ▼entilator  of  Emerson,  flg.  511,  which  is  timply  a  oone  of  meUl,  nr- 

roanding  the  flae,  over  whose  vent,  and  a  short  distance  511 

abore  it»  is  sustained  a  disc  of  metal.     If  the  wind  blows 

from  any  point,  its  effect,  on  striking  this  conical  surface,  is 

to  pass  upwards  and  across  the  oi>en  flue,  with  an  increased 

Telocity.     The  result  is  to  solicit  an  upward  current  in  the 

•haft,  as  shown  by  the  arrow,  in  the  figure. 

If  it  is  desired  to  direct  a  current  of  fresh  air  into  the 
•hafty  an  injecting  ventilator  is  used,  which  is  simply  the 
above  cone  invertedf  or  two  or  throe  such  placed  one  over  the 
other.  These  are  found  very  efficient  in  projeoting  fresh  air 
into  the  cabins  of  ships,  and  other  similar  situations. 

726.  The  sapply  of  fresh  air  in  dwellings  is  de- 

rived,  in  the  winter,  almost  ezoluaiyely  from  the  cracks 

and  joints  of  doors,  windows,  and  other  openings.    In 

all  good  systems  of  general  warming,  this  supply  is 

derived  from  the  open  air,  or  a  free  basement,  and  is 

warmed  in  its  progress  through  the  heating  apparatus. 

When  ii  is  requisite  to  introduce  cold  air  into  a  house, 

it  is  important  to  do  so  in  such  a  manner  as  to  avoid 

local  and  sharp  currents ;  for  this  purpose,  perforated 

cornices,  or  openings  covered  by  wire  gauze,  are  proyided.    A  too  rapid 

current  is  both  inconvenient  and  costly,  from  the  needless  waste  of  fueL 

In  public  buildings,  the  supply  is  best  obtained  through  a  treneh,  or  horisoB- 
tal  tube,  opening  into  a  clean  area,  and  protected  against  powerfiil  winds.  The 
iigecting  cowl  may  be  advantageously  used  to  cover  the  opening  of  snoh  a  sup- 
ply. The  distribution  of  the  ascending  warm  current  is  best  made  through  a 
hollow  or  double  floor,  perforated  with  numerous  openings^  while  the  spent  air 
is  taken  off  above,  as  already  described. 

II.    WARMmO. 

727.  The  artificial  temperatures  demanded  in  oold  climates 

are  produced,  1st,  either  by  radiant  heat  solely,  as  in  the  common 
open  fire-place,  2d,  by  convection  only,  as  in  hot-air  furnaces  of  everj 
description,  in  which  the  air  is  warmed  by  its  passage  through  a  heat- 
ing chamber,  and  then  introduced  into  the  apartments  to  be  warmed,— 
or  3d,  by  radiant  heat  and  convection  united,  as  in  stoves,  and  steam 
or  hot  water  pipes. 

728.  The  open  fire  contained  in  a  simple  brick  ftre-place,  fig.  507, 
whether  coal  or  wood  is  burned,  warms  the  air  of  the  room  solely  by 
radiant  heat.  The  burning  fuel  solicits  the  air  of  the  apartment  to  be 
warmed  towards  the  chimney,  where,  coming  in  contact  with  the  fire,  it 
parts  with  a  portion  of  its  oxygen  to  sustain  combustion,  is  intensely 
heated,  and  rising,  escapes  at  the  flue,  with  the  heated  products  of  com- 
bustion. Hence  only  the  heat  radiated  from  the  burning  fuel  and  hot  walls, 
is  effectual  in  warming  the  apartment,  while  much  the  largest  part  of  the 
heat  (three-fourths  to  four  fifths  of  the  whole)  escapes  up  the  chimney. 
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iwn  Are,  romhined  villi  Ibc  nffi- 
old  sjjlero  retj  pnpul»r,  when 
Mmbiiit-U  wilb  aume  uoiopelvat  ni^ucnl  pimn  of  RurmiDg  Ihe  irbgte  Iioiikd. 
l>r.  Fnuklin  improTsd  the  <^imiDan  Bro-|>1iuM  hy  intruduoiDg  iruD  tUitts,  of 

pips,  bj  wIiIpIi  mum  i  miich  boMiT  econotni«l  cBiwl  wu  attuuMl.  Bnmfur'l 
Improred  th»  form  of  iLo  flre-plaoe  rery  murb,  iinil  nspeeiallj  with  rBfunjo™  lo  tha 
Ihraat  of  Iba  obimDC;  4nd  ftOgbof  tbe  junbt,  Ue  also  combined  it  witfa  ■  vlrcul.' 
ti«n  of  hotairbehiDd  and  ■!  [ho  lidos  of  llii^  fire,  so  u  to  obtain  tlie  efloBt  of  a  sloro. 
Storu  of  icon,  itudiag  in  tho  ■putment  to  bo  wanned,  offer,  perbapa,  tb* 
nOBt  eeonoialeal  mode  for  bnmlng  fuel— but  when,  ma  is  too  often  the  caso,  tbe; 
•ra  cloHd  t[gbt,  except  a  rerj  imall  opening  fui  draft,  they  are  unong  tha  lileat 
eontriviuuiaa  in  u>e  for  tbo  niin  of  the  public  facaJtfa.  Tbo  almoaphare  ^f  the 
unavoidabi;  Iwcomei  oTar-bcalod.  and  corrupted  b]>  tbe  prodaeta  of  r«>pU 


Ulot>,  in 


venal  .1 


ittlati 


729.  Hot  all  foniaces.^Large  buildings  and  dwell  ing-hnuses  i 
fW|uenlly  warmed  bj  air  healed  in  its  pussuge  tbruugli  n  struuture 
the  lower  pnrt  of  tha  house.     OiiE  uf  ill 

the  siiopleat  forms  of  apparatus  for 
this  purpoae  is  seen  in  fig.  512,  beiiij; 
ft  geudonal  view  of  a  hot  nir  funiin  r-.  ' 
ID  which  the  cold  air  entering  tit  A, 
pwaes,  as  indicated  by  the  arrnw.^, 
Araugh  an  extended  system  of  iron 
pKBSitgcs  set  iti  brink  work  and  heettd 
bjr  Ilie  products  of  combustion,  and 
the  direct  action  of  the  lire,  P.  The 
bMtcd  air  gains  the  aparlmoni,  m, 
bj  openings,  B,  in  the  floor  or  niil.  - 
of  the  wall,  while  the  gases  of  cum- 
bustinn  escape  bj  the  flue,  0.  -Such  c 
Qlualrate  the  general  principle,  and  would  prove  valueless  in  practice. 


Pnie  tni  of  antbracite 
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Id  flg.  Sli  ii  mxa  tbc  rnrnace, 
Ths  oold  ftlr  entera  kl  tbe  botton 
hot->ir  larfiwei  within  th«  chan 


Tbaai 


IroD  lorfwe  in  thi>  lippariitiK  pnreali  uj  p&rt  of  (ha 
hrnaoe  from  becoming  rai7  bat,  niQBllj  th*  ehiet  cmmii 
af  complniat  agaimt  thii  moda  of  butiag.  Air  ii  milo- 
•i&lly  injured  for  purpoiaa  of  racpintion  bj  coat&et  with 
■ingof  thapwU- 


objaction  rasling  kgwi 


g  in 


Tba  ehkr 


whuiB  ocrupuita  are,  ic  to  apeak,  immeraed  in  »  wi 

ail  bub,  a.od  require,  aonuquently,  aeieral  degr«M  m 

hut,  b;  tba  Uiarmometar,  for  comfort,  than  whan  radiant  heat  tbrsi  a  part 

of  tha  moana  of  aa  artificial  temparatura. 

Hot-nir  furnaces  are  comraeDded  on  acooant  of  tbeir  eoouomj  of 
ooDstructioD,  and  ease  of  managemeal,  aod  whan  oombiDed  witli  a 
good  Bjstem  of  TentilatioD,  iacb  aa  is  secured  by  an  open  fin  io  ona 
or  more  apartments,  the  objections  to  them  are  in  great  meaaai* 
ramoved. 

730.  Haating  by  hot  watsr,  distributed  in  pipoa,  offers  manj 
advantngeg  fur  the  salutar;  and  eoonomieal  distribution  of  heat.  The 
high  speciEc  heat  of  water  (653).  enables  it  to  heat  over  throe  tbonnod 
times  its  own  hulk  of  air  in  cooling  through  a  single  degree  of  tempe- 
rature. That  is,  one  cubic  foot  of  water,  bj  cooling  one  degree,  will 
raise  the  temperature  of  3419  onbic  feet  of  wr  a  like  amoant;  for 
0-23T9  :  1  =  )<13-435  :  3419.  Id  this  proportion  tha  apeelBo  beat  of 
air  is  the  firet  term,  arid  the  third  term  is  tiie  balk  of  air  equal  to  a 
unit  weight  of  water.  Aa  hot  water  is  usually  distributed  in  oast-iron 
pipes,  oiperimenta  have  been  made  upon  the  rate  of  cooling  of  tbeM 
pipes,  which  show  that  one  foot  io  length  of  pipe  four  ioobeB  in  diameUr, 
will  heat  222  cubic  feet  of  air  one  degree  per  minate,  when  the  diSer- 
ence  between  tbe  temperature  of  the  air  and  the  pipe  ia  125*.  Tbs 
advantage  of  hot  water  as  a  means  of  beating,  depend*  mucb  on  its 
high  cnpncitj  for  heat,  and  its  slow  rate  of  cooling,  bj  which  tbe  len- 
perature  declines  very  slowly,  after  the  Bre  ia  eitiugaiahed. 

Far  horUoaltural  sod  maoDfiwIariDg  atraclnrm,  and  other  baildinn  vbMI 
large  pipoa  are  not  an  objection,  it  hu  pramineot  elalmi.     In  pHtata  hoBM^ 
whoro  the  hot  watt 
heated  by  pxniing  i 


rupj  ■ 


n  tba  b 


(anlage  of  tba  radiant  heal  ia  loit,  aid 
'e!y  Inafficiant,  and  totj  ooitlj,  if  a  auUaint 

nnmber  of  pipes  «ro  laid  in  to  do  tbe  worli. 

731.  Feikins'  high  preasuie  hot  iratei  apparatoa. — The  system 
just  natncd  uaea  nater  at  a  very  low  pressure,  ne'er  over  aiz  Ibe.  tt  tbt 


Ibi.  to  about  srsibi.t 

0  the  >qi]ii»  in 

>ll»    i.    UKd    OD    (hit 

ioK,.  mod  gifei  to  tb< 

Mr  h«at«d  b;  i 

m«tk.  honil  odor,  -1 

ih  is  .0  obje 

rut4roD   •t0T«.     It 

■  DDdoubtcill; 

thiD  the  low  preuure 

lot  WBlcr  »jK 

fi-OB.    pi|»^9    .. 

Ihia,  and  aquatlir  otna  tu  tbs  objeotion 
ing  tba  air,  and  endangering  bnildingf 

732.  Oold'a  steam  beaten. ^Tbe  radlatoia. 
hcBt  ii  rkdialed  fniiu  surfHces  of  japanned  sheet- 
bj  rirete  nt  the  bottnm  of  ooucnve  depressiuua 

516.     This   arrungBmenl 
diridea   the   wbole   steam   apace    iul< 
iB  commuDicating  cells,  as  eeti 
JD,  D;  Che 
ilea  from  the  buil«r,  fig.  517,  undc 
erj  low  preBsuru  (one  puund    to   tb 
noh).  b;  Ihe  inlet  couk,  A,  and  tlie  n\ 
scapes  at  an  outlet  cuuk  in  the  uppi 
ile  oomer  above.     The  water  of  con-    ' 
eDsation  Tetania   to   the   biilter  b;  the 
team,  which  ia  made  BiifHcienilj  targe  for  tin 


Th««  radial 
groups  of  (hrc 


■r  tonr 


pipe   ibnt  uunveys  the 

piirp...e. 

bBiil»rl,  either  Binglj  or  in 


490 


PHYSICS   OF   IMPOKDKRAItLE  AQEHTS. 


■jltsRi  !■  HonomieBl  of  fHl,  eBoisnt  for  tha  noit  HTcra  natfarr,  tad  whia 
eunbinvd  with  a  prupci  lygtum  of  TvatUatioii,  •ntinl;  anexroptiooabla.  It  haa 
(ba  greiic  amiil  of  imuriog  aiacll/  tbs  dmired  dsgnx  of  beat  jnat  wban  it  ia 

adjugtablo  to  au;  temperature. 

733,  Ths  boUtti  of  Oold'a  ■team  haater  ia  perfeotlj  aulom&tio, 
and  IB  a  beaatiful  Ulustration  of  the  ease  with  nhich  so  powerful  an 
agoDt  an  Bteam  nui  be  brought  under  entire  self-coDtrol  and  renderad 
quiU  fre«  from  all  danger. 

Fig.  517  ia  ao  aieTation  of  thii  boilar,  Ht  for  aie  is  iu  maiDdrj,  A.  Th* 
iratar  rises  in  the  tubu,  J,  ohivli  <>  open  to  the  air,  to  connUrpoita  the  prauoni 
wblah  \>  Bdju'led  to  goc  pound  an  the  Inch.     J  nj 
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a,  nrhiiib  eomu  into  aotlun  afLur  F  oud  O,  if 
Deeded.     K,  K,  an  the  lUam-pipeg  leading  to 

by  the  pipe,  R.     Sach  nice  idjuitmenti  eeeure  great  econamy  of  fuel,  ai  the 
aombaatloa  caiiaot  proceed  faater  than  the  demand!  of  the  radiaton  reqair*. 

}  12.  aooioea  of  Heat. 

734.  Booioaa  of  heat. — Four  groat  suurcas  of  heal  maj  be  named: — 

1.  ItichaniaU  fouroet. — The  principal  of  these  are  friction,  oomprea- 
eioD,  and  parouMion. 

2.  Physical  tourett,  ■of  whiob  the  chief  are  solar  radiaUon.  atellar 
radiation,  terrestrial  radiation,  and  atmospheric  alectricitjr. 

8.  Chemical  tmireu,  comprising  ohemical  combinations,  the  chief  of 
these  being  combustion. 

4.  Fhytioloj/ieal  tourea,  oomprising  the  production  of  heat  in  livhig 
bdnge.  This,  according  lo  views  dow  geoerali;  recwved,  is  onlj  an 
extension  of  tfae  third  head. 

I.     MECHANICAL  SODRCta  OP  BEAT. 

735.  Friction. — When  two  bodies  are  rubbed  together,  heat  ^ 
generateJ  b;  the  friction  of  their  surfai^es.  The  supply  of  heat  from 
this  source   ia  appareotl;   unlimited.     As   the  generation  of  heal  w 
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uDftcoompanied  by  any  chaoge  iq  the  calorific  capacity  of  the  bodies, 
aud  generally  by  no  chemical  action,  it  must  be  attributed  to  a  mole- 
cular movement  of  the  bodies  excited  by  friction. 

736.  Quantity  of  heat  produced  by  friction. — The  experiments 
of  Joule  show  that  the  amount  of  heat  developed  by  friction  depends 
only  on  the  amount  of  force  exerted,  and  not  upon  the  nature  of  the 
substances  rubbed  together. 

Count  Rnmford  pabKBhed  in  the  Royal  Philosophical  Transactions,  1798,  the 
resnlta  of  some  oi  his  experiments  upon  this  subject.  A  brass  cannon,  weighing 
113  lbs.,  was  revolved  horizontally,  at  the  rate  of  32  revolutions  per  minute,  against 
a  blunt  steel  borer  with  a  pressure  of  10,000  lbs.  In  half  an  hour  the  tempera- 
ture of  the  metal  had  risen  from  60°  to  130°  F.  This  heat  would  have  been 
sufficient  to  raise  the  temperature  of  5  lbs.  of  water  from  32°  to  212°.  In  another 
experiment,  the  cannon  was  placed  in  a  vessel  of  water,  and  friction  applied  as 
before.  In  two  hours  and  a  half,  18}  lbs.  of  water  actually  boiled.  The  heat 
generated  !■  tiiis  ease  was  calculated  by  Rumford  to  be  at  least  equal  to  that 
given  out»  during  th«  same  time,  by  the  burning  of  9  wax  candles,  }  inch  in 
diameter,  and  aaeh  245  grains  in  weight.  A  remarkable  instance  of  the  excita- 
tion of  heat  by  friction  is  afforded  by  an  experiment  of  Sir  Humphrey  Davy,  in 
which  two  pieees  of  ice  rubbed  together  in  vacuo  at  a  temperature  below  32° 
were  melted  by  the  heat  developed  at  the  surfaces  of  contact. 

737.  Circumstances  which  vary  the  quantity  of  heat  de- 
veloped by  friction. — The  quantity  of  heat  developed  by  friction 
depends,  Ist,  on  the  nature  and  state  of  the  surfaces  (138) ;  2d,  on  the 
pressure ;  3d,  on  the  velocity. 

738.  niQStrations  and  application  of  the  heat  developed  by 
friction  are  of  frequent  occurrence  in  common  life. 

When  a  piece  of  steel  is  struck  by  a  flint,  particles  of  the  metal  are  torn  ofi^ 
and  are  so  intensely  heated  as  to  ignite  in  the  air.  These  heated  particles  fall- 
ing upon  tinder  or  gunpowder  cause  It  to  bum.  Similar  sparks  often  fly  off 
from  the  iron  shoes  of  horses  as  they  strike  a  stone.  In  grinding  knives  and 
other  instruments  upon  a  dry  grindstone,  or  upon  an  emery  wheel,  a  brilliant 
train  of  sparks  is  produced.  Among  uncivilised  nations  fire  is  frequently  pro- 
duced by  the  friction  of  pieces  of  wood  against  each  other.  Seneca  relates  the 
same  fact,  and  adds  that  it  is  necessary  to  employ  particular  species  of  wood ;  as, 
laurel  and  ivy. 

Sufficient  heat  is  caused  by  rubbing  a  match  on  a  rough  surface  to  ignite  the 
phosphorus  on  its  end.  The  axles  of  car  wheels,  and  other  parts  of  machinery, 
when  not  well  greased,  are  sometimes  heated  sufficiently  hot  to  cause  the  ignition 
of  the  surrounding  woodwork.  It  is  by  friction  that  the  brown  rings  sometimes 
seen  on  wooden  article,  turned  in  a  lathe,  are  produced.  A  pointed  piece  of 
wood  is  held  Against  the  rapidly  reroWing  article,  the  heat  generated  by  tiie 
friction  is  sufficient  to  cause  the  wood  to  smoke  and  partially  char  it 

In  a  few  instances  in  this  country  the  fall  of  water  has  been  used  to  produce 
friction,  and  thus  develop  heat.  In  the  stoto  of  Vermont,  plates  of  iron  were 
rapidly  revolved  against  each  other,  and,  by  the  heat  developed,  the  mill  was 
warmed.  The  thermogenic  apparatus  of  Messrs.  Beaumont  and  Mayer  (Am. 
four.  Set  [2]  XX.,  261)  is  a  most  suocessfVil  contrivance  for  converting  motion 
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into  heat  by  means  of  friction,  and  irhere  there  ii  abundant  and  sheap  water- 
power,  may  be  of  eoonomioal  importance  as  a  sonroe  of  heat. 

739.  Compression. — When  any  Bubstanoe  undergoes  s  diioinatioD 
in  Tola  me,  there  is  generally  a  development  of  beat  The  eTolutioo 
of  beat  by  compression  is  most  strikingly  seen  in  gases  which  ondergf 
a  great  diminution  in  volume  by  pressure.  &18 

The  condensing  syringe,  fig.  518,  is  an  admirable 
instmment  for  showing  the  phenomenon  referred  to. 
It  consists  of  a  metal  or  glass  tabe  closed  at  one 
extremity.  Into  the  other  extremity  fits  tightly  a 
piston  which  has  a  bit  of  tinder  on  its  end.  When 
the  piston  is  forcibly  driven  into  the  cylinder,  the 
compression  of  the  air  develops  so  much  heat  that 
the  tinder  becomes  ignited. 

Owing  to  the  small  compressibility  of  liquids, 
and  their  great  capacity  for  heat,  it  is  not  easy  to 
determine  the  heat  developed  in  them  by  compres- 
sion. Messrs.  Colladon  and  Sturm  have  obtained, 
with  certain  liquids,  at  a  pressure  of  30  atmospheres, 
an  elevation  of  temperature  of  as  much  as  from  7^ 
to  10°  F.  The  heat  generated  by  the  compression 
of  solids  may  better  be  considered  as  by  percussion. 

740.  Percussion  is  a  combination  of  fric- 
tion and  compression,  and  is  an  active  me- 
chanical source  of  heat.  The  amount  of  heat 
developed  by  percussion  seems  to  depend  to  a 
great  extent  on  the  diminution  in  bulk  which 
the  body  struck  undergoes. 

This  is  strikingly  shown  by  an  experiment  of 
Berthollet,  in  which  a  piece  of  copper  was  sub> 
mitted  to  the  action  of  a  stamping-press.  The  greatest  development  of  heat 
occurred  with  the  first  blow,  where  the  metal  underwent  the  greatest  dlminatioB 
in  bulk,  and  diminished  with  the  succeeding  blows  as  did  the  amount  of  con- 
densation. The  quantities  of  heat  evolved  at  the  first  three  strokes  were  17°-9i 
7°  5,  and  lo-9  F. 

741.  Capillarity. — Pouillet  has  shown  that  the  simple  act  of  moist- 
ening any  dry  substance  is  attended  with  a  slight,  yet  constant,  disen- 
gagement of  heat. 

Pouillet  operated  on  the  powdered  metals,  the  insoluble  ozydSy  glaM,  briek* 
elay,  Ac.  The  liquids  used  were  water,  alcohol,  ether,  aeedo  acid,  tnrpentiiMy  Ae. 
The  rise  in  temperature  was  only  from  5®  to  2®  F.  It  appears  to  be  independent 
of  the  nature  of  the  body.  Organic  bodies  of  various  kinds  were  operated  npon ; 
as,  fiax,  wool,  silk,  starch,  wood,  sponge,  ivory,  horn,  Ac. :  with  these  there  is  a 
rise  in  temperature  of  from  3°  to  \S°  F. 

These  results  cannot  be  attributed  to  chemical  action,  for  the  difibrent  Uqidds 
produced  the  same  heat  when  they  were  absorbed  by  the  same  porons  body. 

The  development  of  heat  in  these  cases  is  attributed  to  the  oondenasr* 
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tion  of  the  liquid  on  the  surface  of  the  solid  which  it  moistens.  It  may 
also  be  due  in  part  to  the  effect  of  the  friction  of  the  liquid  molecules 
anon  those  of  the  solid,  as  they  move  into  their  position  of  equilibrium. 

II.    PHYSICAL  SOURCES  0¥  HEAT. 

742.  The  sun  is  the  most  abundant  source  of  heat  to  our  globe.  Its 
distance  from  the  earth  is  95,000,000  of  miles.  The  diameter  of  the 
sun  is  about  888,000  miles,  or  about  III  times  that  of  the  earth,  con- 
sequently its  volume  is  1,400,000  times  the  earth's  volume.  The  sun 
turns  on  its  axis  once  in  about  25  days.  Philosophers  are  divided  as 
to  the  cause  of  the  immense  amount  of  heat  which  escapes  from  this 
body. 

It  is  conjectured  that  there  are  three  atmospherio  strata  about  the  fun.  That 
nearest  his  surface  is  called  the  cloudy  stratum.  It  is  incapable  of  reflecting 
light,  and  is  heavily  loaded  with  vapors.  The  next  in  elevation  is  thought  to 
consist  of  lui  intensely  luminous  medium.  To  this  is  attributed  the  diffusion  of 
light  and  heat  Beyond  this  there  probably  exists  a  third  envelope  of  a  trans- 
parent gaseous  nature. 

Dark  spots  are  often  seen  on  the  sun's  surface  (by  the  aid  of  a  telescope). 
These  are  of  immense  size,  and  often  rapidly  change  their  form.  One  noted  by 
Sir  John  Herschel  contained  an  area  of  400,000,000  square  miles.  These  spots 
are  supposed  to  be  formed  by  the  opening  and  dispersion  of  the  stratum  of  lumi- 
nous clouds,  revealing  the  dark  mass  within. 

'  743.  Quantity  of  heat  emitted  by  the  Bun. — Pouillet,  by  means 
of  an  instrument  called  a  pyrheliometer,  has  made  observations  from 
which  he  estimated  that  the  amount  of  heat  annually  received  by  the 
earth  from  the  sun,  would  be  sufficient  to  melt  a  crust  of  ice  surround- 
ing the  earth  101  feet  thick.  The  atmosphere  absorbs  nearly  40  per 
cent,  of  the  heat  of  the  sun's  rays. 

From  the  sise  of  the  earth,  and  its  distance  from  the  sun,  it  has  been  deter- 
mined that  the  entire  amount  of  heat  emitted  by  the  sun,  is  2,381,000,000  times 
as  great  as  the  heat  which  it  gives  to  the  earth ;  and  it  is  calculated  that  the 
intensity  of  heat  at  the  surface  of  the  sun,  is  seven  times  as  great  as  the  heat 
of  an  ordinary  blast  furnace. 

The  fixed  stars,  the  suns  of  other  systems,  notwithstanding  their  great  dis- 
tance, exert  a  very  important  influence  upon  the  temperature  of  the  earth.  It 
has  been  estimated  that  they  furnish  to  our  earth  four-fifths  as  much  heat  as 
t^e  sun ;  and  that,  without  this  addition  to  the  sun's  heat,  neither  animal  nor 
vegetable  life  oould  exist  upon  the  earth. 

744.  Bztremes  of  natural  temperature. — Captain  Parry,  in  1819, 
found  at  Melville  Island,  a  temperature  of  — 59^  F.,  and  Captain  Black, 
at  Fort  Reliance,  at  60°  46^  N.  latitude,  observed  a  temperature  of 
— ^70°  F.  Dr.  Azariah  Smith  records  the  extreme  heat  at  Mosul,  West- 
em  Asia,  in  1844,  as  114°  F.  (Am.  Jour.  Sci.  [2]  ii.,  75.)  At  Bagdad, 
in  1819,  the  thermometer  rose  to  120°  F.  in  the  shade.  In  the  sun,  at 
44* 
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Mosul,  near  the  site  of  the  ancient  Nineveh,  Dr.  Smith  reoords  the 
summer  temperature  at  146^  F.  This  is  probably  the  highest  natural 
temperature  authentically  recorded.  Thus,  the  extreme  range  of  natural 
temperature  observed  is  206°'46  F.  In  this  latitude,  between  summer 
and  winter,  there  is  often  a  difference  of  110°  F.,  and  in  the  shade, 
comparing  the  temperature  in  the  sun  of  summer,  there  would  be  an 
increase  of  at  least  30°. 

745.  Terreatrial  radiation. — The  heat  which  the  earth  reeeWet 
from  the  sun,  does  not  penetrate  more  than  from  50  to  100  feet.  At 
Paris,  this  stratum  (called  the  first  stratum  of  invariable  temperature) 
is  found  at  a  depth  of  86  feet.  Descending  into  the  earth,  below  the 
point  of  constant  temperature,  there  is  a  gradual  and  regular  increase 
of  temperature.  The  amount  of  this  increase  is  about  1°'8  for  every 
hundred  feet  of  descent. 

ObfervatioDf  on  thif  point  have  been  extensively  made  in  deep  mines  and 
Artesian  wells,  and  always  with  a  nearly  constant  resnlL  The  yariationt  un- 
doabtedly  arising  from  the  nature  of  the  soil,  and  its  condnotibility  for  heal 
Water  from  Artesian  wells  has  always  a  higher  temperature  than  surface  water. 
Thus,  the  water  arising  in  the  Orenelle  Artesian  Well  near  Paris,  from  a  depth 
of  about  2100  feet,  has  a  temperature  of  86°  F.  At  Neusalswerke,  in  Westpha- 
lia, is  a  well  2200  feet  deep.  The  water  rising  from  it  has  a  temperature  of 
91°  F.     Compare  ^  204. 

Assuming  the  ratio  given  above  for  the  increase  in  temperature  as  we  descend 
into  the  earth,  at  the  depth  of  two  miles  water  would  boil ;  at  about  13  miles, 
or  only  yjj  of  the  earth's  radius,  there  would  be  a  temperature  of  2200°  F. 
At  this  temperature  cast-iron  melts  in  the  open  air,  and  trap,  basalt,  obsidian, 
and  some  other  rooks,  become  perfectly  fluid.  But,  as  Pouillet  observes,  the 
enormous  compression  produced  by  the  weight  of  the  upper  strata  resting  upon 
the  lower  poftions  of  the  earth's  crust,  raises  the  point  of  fusion,  so  that  the 
point  of  perfect  or  partial  fluidity  is  carried  far  lower  than  a  direct  ratio  would 
give ;  but,  with  due  allowance  for  the  effect  of  pressure  upon  the  temperature 
of  fusion,  the  thickness  of  the  earth's  crust  cannot  be  supposed  to  exceed  one 
hundred  miles. 

746.  Origin  of  terrestrial  heat. — Numerous  theories  have  been 
advanced  to  account  for  terrestrial  heat.  Some  attribute  the  heat  to 
local  chemical  action.  Thus,  Boyle  explained  it  by  the  deoompoeition 
of  pyrites — a  view  no  longer  esteemed  tenable.  The  belief  in  a  oen- 
tral  fire  within  the  earth,  now  generally  entertained,  is  found  in  the 
mythology  of  many  nations,  originating,  most  likely,  in  obeervatioa 
of  volcanic  fires.  For  evidence  that  the  earth  was  once  a  fluid  mass, 
see  {{91  and  102.  This  question  is  of  the  highest  geological  interest, 
and  its  discussion  must  be  referred  to  treatises  on  that  science. 

747.  Atmospheric  electrloity. — Another  source  of  heat  is  atmo 
spheric  electricity,  the  origin  of  which  is,  at  present,  shrouded  in  mys- 
tery.   The  more  usual  form  in  which  its  calorific  powers  are  presented 
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to  U8,  is  seen  in  the  effects  of  a  powerful  flash  of  lightnii  g,  which  not 
onfreqaentlj  fuses  metals  and  earthy  matter  with  which  it  comes  in 
contact. 

III.    CHEMICAL  SOURCES  0¥  HEAT. 

748.  Chemical  oombination. — When  two  substances  enter  into 
chemical  combination,  there  is  generally  an  elevation  of  temperature, 
but  sometimes  also  a  depression. 

Where  there  is  a  flow  and  gradual  chemical  combination,  the  derelopment  of 
heat  cannot  always  be  appreciated.  The  same  amonnt  of  heat  is  dcTeloped  as 
if  the  combination  took  place  quickly,  bat,  being  extended  over  a  greater  time, 
it  is  inappreciable  at  any  single  moment,  and  cannot  be  accurately  measured. 

Chemical  combination  sometimes  takes  place  at  the  ordinary  temperature; 
bat  it  is  often  necessary  to  heat  the  bodies  before  they  will  unite.  An  example 
of  the  first  class,  is  the  mixture  of  sulphuric  acid  with  water,  or  the  slaking  of 
burnt  lime, — in  both  cases  a  large  amount  of  heat  is  developed.  As  examples 
of  the  second  class,  are  wood,  sulphur,  and  phosphorus,  which  do  not  inflame 
at  the  ordinary  temperature. 

749.  Combustion. — ^When  the  heat  developed  by  the  chemical  oom- 
bination of  two  bodies  produces  luminosity,  the  bodies  are  said  to  bum, 
and  the  phenomenon  is  called  combustion.  If  one  of  the  bodies  burning 
is  solid,  it  is  called  fire ;  if  gaseous,  Jlame,  As  bodies  are  usually 
burned  in  the  atmospheric  air,  the  term  combustion  has  come  to  be 
restricted,  in  a  popular  sense,  to  the  union  of  bodies  with  oxygen, 
developing  light  and  heat. 

In  a  chemical  sense,  however,  the  term  combustion  has  a  wider  range,  and 
refers,  generally,  to  chemical  union,  even  when  the  bodies  combining  together 
Jo  not  evolve  either  light  or  sensible  heat.  Thus,  iron  slowly  rusts  or  oxydizes 
in  the  air,  wood  gradually  decays ;  these,  to  the  chemist,  are  as  truly  cases  of 
combustion,  as  those  more  rapid  combinations  with  oxygen,  which  aryaccom- 
panied  by  the  splendid  evolution  of  light  and  heat. 

750.  On  the  oanse  of  the  heat  generated  by  combustion,  there 
is  a  great  diversity  of  opinion.  According  to  the  dynamical  theory  of 
heat,  it  is  the  vibratory  motion  of  the  constituent  atoms  of  the  bodies, 
as  they  combine  together,  that  produces  the  rise  in  temperature. 

When  the  state  of  aggregation  of  one  or  both  of  the  bodies  combining 
is  changed,  the  heat  which  was  latent  becomes  sensible ;  or  if  there  is 
a  depression  of  temperature,  as  is  sometimes  the  case,  a  portion  of  the 
sensible  heat  becomes  latent.  When  there  is  no  change  in  the  state 
of  aggregation  of  the  bodies  combining,  it  b  explained  by  the  specific 
heat  of  the  compound  being  less  or  greater,  according  as  there  is  a 
depression  or  elevation  of  temperature. 

751.  The  amount  of  heat  developed  by  ohemioal  action,  is  of 
freat  practical  importance,  and  has,  for  a  long  time,  engaged  the  atten* 
tion  of  physieists.    The  first  experiments  upon  thb  subject  were  made 
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in  1790,  by  Layoinier  and  Laplace,  by  meant  of  their  ice  calorimeter. 
Count  Rumford,  in  1814,  Welter,  in  1822,  and  Desprets,  in  1823,  are 
among  those  who  have  contributed  valuable  researches  upon  thissnbgeot. 
Compare  {  715.  The  most  elaborate  series  of  experiments  upon  this 
subject,  was  made  by  Favre  and  Silbermann,  in  1844 ;  a  portion  of 
their  results  is  found  below. 

The  thermal  unit  is  the  heat  necessary  to  raise  a  weight  of  water, 
equal  to  that  of  the  combustible,  one  degree  of  the  scale  of  Fahrenheit's 
thermometer. 

HBAT  DETELOPED  BT  BURNING  DirHERENT  SUBSTANCES  WITH  OZTOEN. 


Names  of  suhsUncea                  Formobs.        Quantity  of  h««t  •mitted 

1                              by  oo«  of  the  omnbostlbles. 

1 

Hydrogen 

Oxyd  of  carbon  .... 

Marsh  gas 

Wood  charcoal    .... 
Nataral  graphite     .     .     . 

Diamond 

Sulphnr 

Olefiant  gas 

Good  coal 

Sulphnrio  ether  .... 

Wood  spirit 

Alcohol 

Stearic  acid 

Acetic  ether 

Beeswax 

Essence  of  turpentine  .     . 

D^  wood 

Peat 

CO 
C,H, 

C,H, 

C.H.O 

C,H,0, 

C4H.O, 

C»H„0, 

C«H,0, 

62031 

4325 

23513 

14544 

14006 

14184 

4032 

21344 

10800 

16248 

9552 

12931 

17676 

11326 

18892 

19533 

1480 

4860 

The  quantity  of  heat  disengaged  daring  the  combustion  of  aa  elementaiy 
body,  is  the  same,  whether  it  attains  at  once  its  maximnm  of  ozydation,  or  at  a 
number  of  times. 

Thus,  carbon  disengages  a  certain  amount  of  hei^  daring  its  oonTertion  into 
carbonic  acid.  The  same  amount  of  heat  is  eTolyed  when  it  is  first  eooTarted 
into  carbonic  ozyd  and  afterwards  burned  to  convert  it  into  carbonie  aeid. 

752.  The  pyrometrical  heating  effect  of  a  snbatanoe.  is  the 

intensity  of  the  heat  evolved  during  its  combustion.  This  Taries  mneh 
with  different  substances,  and  depends  not  only  on  their  oompoeitkm, 
but  also  on  their  state  of  aggregation.  The  conclusions  of  an  eoonomio 
character  derived  from  this  subject,  are  as  follows : — 

1st.  The  pyrometrical  heating  power  of  carbon  is  greaier,  and  thai  of 
hydrogen  smaller,  than  those  of  any  other  combusHbU, 

2d.  The  pyrometrical  heating  power  qf  the  ordunaryJutU^ 
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of  carbon  and  hydrogen,  is  greater  in  proportion  to  the  amount  of  carbon 
they  contain, 

3<L  The  pyrometrical  heating  potoere  of  different  fuels  are  much  greater 
in  oa^ygen  than  in  air.  Thus,  between  carbon  and  hydrogen  burned  in 
oxygen,  there  is  a  difference  of  12,000®  F.,  tVi  air  only  1500*  F. 

753.  Relative  valae  of  fuel. — In  the  ibllowiDg  table  is  given  the 
absolate,  specific,  and  pyrometrical  beating  effects  of  different  combus- 
tibles : — 

TABLE  SHOWING  THE   HEATING  EFFECTS  OF   DIFFERENT  BODIES  BURNED  IN 

AIR. 


HeaUog  effect 

AbMlute. 

Specific. 

PyrometricaL 

HTdrocen 

0-23 

0-80—0  25 
1-15—122 
1-02 

0-36— 0-47 
0-37- 0-fi5 
0  43—0-85 

0-79— 0-9fi 
0.33—0-85 
0-64— 0-97 

0.84—0-97 

00077 

0.00010—000027 

0-30 

021 

014—0-28 

1-0(^—1.44 
0-10—0-20 
0.38—0-46 

2900® 
1850—1150® 

1675—1750® 
1575    2000® 
1800—2200® 

2200     2350® 
2050—2350® 
2100—2450® 

2350—2450® 

Gmooub  eombustiblef  . 
Vegetable  oils,  Ac. .     . 
Snlpharie  ether  .    .    . 
Wood 

Peat 

Liffnite 

Bitamlnons  ooal  (5  p 
water,  5  p.  o.  ash.) 

Peat  charcoal      .     . 

Wood  charcoal    .     . 

Coke  (not  more  than  i 
0.  afh.)    .... 

.    0. 

The  lighter  woods  bum  more  quickly,  with  a  greater  flame,  and  more  intense 
beat  than  the  more  dense  woods.  The  amount  and  intensity  of  the  heat  from 
the  different  faels  depends,  to  a  great  extent^  on  their  state  of  dryness. 

754.  Combinations  in  the  humid  way. — Messrs.  Hess,  Andrews, 
and  Graham  have  made  important  researches  upon  the  heat  evolved  in 
combinations  in  the  hamid  way.  Their  principal  results  may  be 
gammed  ap  as  follows : — 

1st.  Equivalents  of  the  different  acids  combining  wUh  the  same  base, 
produce  the  same  quantity  of  heat, 

2d.  Equivalents  of  the  different  bctses  combining  with  the  same  acid, 
produce  different  quantities  of  heat :  generally  the  more  energetic  bases 
disengaging  the  most  heat. 

3d.  When  a  neutral  salt  is  converted  into  an  add  salt,  there  is  no  dis- 
engagement of  heat, 

4th.  When  a  neutral  salt  is  converted  into  a  basic  salt,  there  is  a  dis^ 
engagement  of  heat, 

755.  Animal  heat ;  wann  and  oold-blooded  animala. — The  tem- 
perature of  organized  beings  is  seldom  that  of  the  medium  which  sur- 
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roondfl  them.    There  is  within  the  living  body  a  seriee  of  chemiotl 
actions  taking  plaoe,  and  these  are  sources  of  heat. 

In  warm-blooded  animals,  af  the  mammiferi  and  birds,  the  heat  prodaead  at 
•aob  instant  compensates  for  that  lost  from  the  exterior,  and  thus  the  body  is 
kept  at  a  uniform  temperature.  In  cold-blooded  animals,  as  reptilet,  fishes,  and 
mollusoa,  heat  is  also  generated,  but  so  slowly,  that  their  temperature  is  bat  a 
Tory  few  degrees  aboye  that  of  the  surrounding  medium,  and  often  is  only 
equal  tc  it. 

756.  The  cauBe  of  animal  heat,  it  has  long  been  conjectured,  was 
the  chemical  action  taking  place  within  the  body. 


Crawford  appears  to  have  been  the  first  to  adyanoe  the  docUlne  that  respii 
lion  was  the  cause  of  animal  heaL  Lavoisier  supposed  that  the  air  underwent 
in  the  lungs  a  real  combustion ;  its  oxygen  combining  with  the  carbon  and 
hydrogen  of  the  blood,  forming  carbonic  acid  and  the  yapor  of  water.  The 
lungs,  according  to  this  view,  were  the  ftimacee,  the  arterial  blood  oarrjing 
the  heat  developed  by  the  combustion  into  all  parts  of  the  body.  This  Tiew  of 
Lavoisier  has  been  essentially  modified.  A  new  theory,  founded  upon  the  re- 
searches of  Spallansani  and  Magnus,  is  now  generally  reoeired.  They  deter- 
mined that  the  arterial  blood  contained  a  large  quanti^  of  oxygen,  and  the 
yenous  blood  a  large  quantity  of  carbonic  acid.  It  has  been  oonelnded  that  the 
venous  blood  reaches  the  lungs  loaded  with  carbonic  acid,  which,  by  endosmose^ 
traverses  the  humid  walls  of  the  pulmonary  cells,  and  passes  into  the  air.  Car- 
bonic acid  is*  thus  exhaled,  and  oxygen  is  absorbed.  Becoming  then  arterial 
blood,  the  blood  is  forced  through  the  arteries  into  the  capillaries  of  the  diffisr- 
ent  organs,  where  a  more  or  loss  considerable  combustion  of  carbon  takes  place. 

It  has  nut  as  yet  been  demonstrated,  that  tbe  hydrogen  of  the  blood  eombiaee 
with  the  oxygen  of  the  air.  Indeed,  most  physiologists  think  that  the  vapor 
of  water  exhaled  in  respiration,  is  simply  an  evaporation  from  the  lungs. 

757.  Temperature  of  vege tables. — As  the  plant  is  the  seat  of 
numerous  chemical  actions,  so  also  it  is  a  source  of  heat.  The  tem- 
perature of  plants  is,  in  general,  from  0^*9  to  l^'l  higher  than  that  of 
the  surrounding  air.  In  a  few  exceptional  oases,  it  is  much  higher. 
Thus,  the  Arum  cardifolium  of  the  Isle  of  France,  at  the  time  of  bios* 
soming,  roaches  a  temperature  of  120^*2  F.,  while  that  of  the  air  is 
about  67^.  Plants  attain  their  highest  and  lowest  temperatures  some 
hour6  later  than  the  maxima  and  minima  of  daily  temperature. 

^  13.  Correlation  of  Physical  Foroea. 

I.     MBCHANICAL  EQUIVALENT  OF  HEAT. 

758.  Relations  of  heat  and  force. — It  is  well  known  that  there  is 

an  intimate  relation  between  heat  and  mechanical  force,  and  that  one 
may  be  exchanged  for  the  other.  A  given  quantity  of  one  may  be 
converted  into  a  determinate  quantity  of  the  other,  as  is  shown  in  the 
ease  of  the  steam-engine,  and  in  the  production  of  heat  by  mecbanioal 
means  (JJ  "35-741). 
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759.  Dnitof  meaanTement,  tlie  foot-poaod. — In  the  eipsrimeDta 
opuD  the  mechniiicKl  equivalent  of  heat,  Uie  anit  adopted  ia  England 
aad  ID  this  couDtrj,  is  the  foot-pound,  or  the  meobanical  force  expended 
in  ruling  a  pound  veight,  one  foot  high  (714).  In  France  aud  other 
European  oountriee,  the  unit  adopted  ia  the  mechanical  force  expended 
in  raising  one  kilogramme  (22046  Ihs.)  one  metre  (39-37  in.)  high. 

760.  DtftennlnaUoi)  of  tha  meohanloal  eqniTalent  of  heat. — 
According  to  the  Djoamical  Theorj  of  Heat,  the  mecbaniciU  equivalent 
of  beat  is  independent  of  the  nature  of  the  bod;  by  whose  agenc;  the 
ttuisformaUon  of  mechanical  force  into  heat  is  eSected ;  hence  the  same 
reeall  should  be  arrived  at,  whatever  course  of  experiment  is  adopted. 
Hr.  J.  P.  Jonle,  of  Manchester,  England,  has  made  the  most  exact 
determination  of  the  mechanical  equivalent  of  heat  in  a  series  of  very 
careful  and  elaborate  experiments,  conducted  between  the  jears  1840 
and  1843.*  He  deteonined  the  mecbanical  equivalent  of  bent  in  a 
number  of  ways,  reversing  the  qaeslion,  and  determining  the  amonnt 
of  heat  produced  b;  a  certain  expenditure  of  mechanical  force. 

One  method  wa«  by  the  compression  of  gases ;  compreering  air  with 
A  great  force  in  a  copper  recdver;  in  one  series  of  experiments  filled 
wilh  air  only,  and  in  another  with  water.  The  whole  appuratus  was 
placed  in  tha  water  of  a  calorimeter,  whose  temperature,  before  and 
after  the  experiment,  wa«  carefully  determined. 

The  htmt  dereloped  b;  tha  ftlclion  of  Wftter  ud  of  oil,  MM  determined  in  u 
apptntni  conaiating  o!  »  bra^a  puldle-vbMl,  Ag.  6tS,  havliig  nTolving  ami, 
t,  g,  working  between  atMlonar;  tum,  e,/,     Thia  wbcel  &l> 

...  B,«i.  lo  i.,ol«  bj  U«  d«™t  or  .  kEowo  weigb^  I        RAOCLIFFE 

ud  th.a  the  rnHhuieal  foroe  sir—-' ■■-* ■—• '      '  ■ 

similar  .ppvatai,  of  enullar  aiw 
nwd  for  aiperioieiit.  on  mannr;. 
T.tai  wu  plwed  in  a  matsllio  t« 
ud  the  lempenture  noted  before 

Id  Ilia  experiment,  on  tbe  friction  of  aolida,  Mr.  J' 
nwd  MB  .ppwBtaa  conaiating  of  s  vartid  .lia,  wl 
earried  a  beTOlad  cut-lroD  wbeal,  «g*inal  whicb  a  e 
eut-iroD  wbesi  wu  praaaed  bj  .  leier.  Tba  wliote 
plunged  in  an  iron  veaael  filled  with  raerFurj,  the  . 
paulng  throngh  .  hole  in  tbe  lid.     In  all  of  tbeu  eii 

lioa  of  (emperMnr^  of  tba  one  two-handredtb  of  a  degree  F. 

761.  Reanlta  of  Jonle's  experimento. — In  the  fullon-inf;  tabic  are 
given  tbe  most  important  results  obtained  by  Mr.  Jonle.  The  second 
eolomn  f^ves  the  results  obtained  in  air,  the  tbir.i  column,  the  same 
results  uorrected  for  a  vacuum. 

•  Pbll.  Tram.  ItSO,  p.  SI. 
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FORCE  REQUIRED  TO  HEAT  ONE  POUND  OP  WATER  P  F. 


IfaterUJ  employed. 

KqolTalent  (In  IboU        liqalTalent  In                   Mmh 
ponnda)  in  air.                  ticoo.                         nmn. 

Water,  .     .     . 
Mercury,     .    . 

Cast-iron,  .    . 

773640 
(  773-762 
1  776  303 
]  776-997 
I  774-880 

772-692 
772-814  1 
775-352  J 
776  045 
773  930 

» 

772-692 
774-083 

774-987 

ConcluBioiifl  dedaoed  from  Joule's  experiments. — I.  The  qtuuk" 
lity  of  heat  produced  by  the  friction  of  bodies  is  odwaya  proportional  to 
the  force  employed. 

2.  The  quantity  of  heat  capable  of  increasing  the  temperature  of  one 
pound  of  water  {weighed  in  txxcno,  and  between  55^  and  60^)  by  1^  F., 
requires f  for  its  evolution,  tJie  expenditure  of  a  mechanical  force  repr&- 
sented  by  (he  fall  of  112  lbs.  through  the  space  of  one  foot. 

Consequently  a  force  of  one  horse  power  (714)  would  raise  427  Ibt.  of  water 
1^  F.  each  minute,  and  would  bring  it  to  boil  from  60°  in  two  and  a  half  hows. 
Prof.  Thomson  (Phil.  Mag ,  Feb.  1854)  says,  it  is  mathematically  demonstrated 
from  the  dynamical  theory  of  heat,  that  any  substance  may  be  heated  80^  F. 
above  the  atmospheric  temperature,  by  means  of  a  properly  contriTed  maehina 
driven  by  au  agent,  spending  not  more  than  one  thirty-fifth  of  the  energy  of  the 
heat  communicated,  and  that  a  corresponding  machine,  or  the  lame  macbino 
worked  backwards,  may  be  employed  to  produce  cooling  effects. 

When  a  bixly  is  heated  by  such  means,  }|  of  the  heat  is  drawn  from 
surrounding  objects,  and  ^  is  produced  by  the  action  of  the  agentb 

II.    DTNAMICAL  THEORY  OP  HEAT. 

762.  The  dynamical  theory  of  heat,  which  resto  apon  the  sappo- 
sition  that  heat  is  motion,  or  the  result  of  motion,  is  founded  upon  the 
constant  relation  which  exists  between  heat  and  mechanical  foroe. 

763.  Motions  of  the  molecnles. — In  this  theory  it  is  assumed 
that  the  particles  of  all  bodies  are  in  constant  motion,  and  it  is  this 
motion  which  constitutes  heat ;  the  kind  and  quantity  of  the  motioii 
varying  with  the  solid,  liquid,  or  gaseous  state  of  the  body. 

Thns  in  tolidt,  it  may  bo  assumed  that  the  molecules  are  continually  oscilla- 
ting about  their  position  of  equilibrium.  This  motion  may  be  Yibration  of  the 
constituent  atoms  of  a  molecule,  or  of  the  entire  molecnle,  and  may  be  roetiliikaar 
or  rotary. 

In  liq%tid$y  the  molecules  have  no  constant  position  of  eqnilibriam,  the  repul- 
lire  and  attractive  forces  being  nearly  equalized.  The  moTemeota  of  the  liquid 
molecules  may  therefore  be  either  vibratory,  rotary,  or  progresslTa. 

In  (fa^^.Bf  tho  repulsive  force  predominating,  the  molecules  more  onward  is 
straight  lines. 

764.  Changes  in  the  state  or  Tolome  of  bodies. — ^This  view 


HEAT.  50i 

explioxk^  cue  production  and  coDsumption  of  heat,  which  accompany 
changes  «  state  or  volame  in  bodies.  The  work  performed  is  partly 
internal  and  partly  external. 

Thas  whcQ  a  sol«d  is  melted,  there  is  an  internal  work,  employed  in  changing 
the  relative  position  of  the  molecales,  and  in  consequence,  an  absorption  of  heat 
proportional  u>  the  work  accomplished.  In  evaporation  there  is  an  internal 
work,  employed  iii  ^parating  the  molecules,  and  an  external  work  in  overeoming 
the  forces  which  oppose  themselves  to  the  expansion  of  the  vapor. 

When,  on  the  contrary,  a  gas  or  vapor  is  liquefied  by  compression,  the  external 
work  is  supplied,  and  the  internal  work  due  to  the  cohesive  force  which  draws 
the  atmosphere  together,  is  transformed  into  heat.  Again,  when  a  liquid  solidi- 
fies, the  internal  work  which  unites  the  molecules  is  transformed  into  heat,  and 
spears  as  sensible  heat 

It  is  evident  that  this  theory  would  modify  the  ideas  generally  received  of  the 
amount  of  heat  in  bodies.  Thus  the  heat  which  is  rendered  latent,  when  a  solid 
is  liquefied,  cannot  be  regarded  simply  as  being  insensible  j  it  must  be  consi- 
dered as  being  converted  into  motion. 

III.     ANALOGY  OF  LIGHT  AND  HEAT. 

765.  Vibrations  producing  heat  and  light. — A  careful  conside- 
ration of  the  phenomena  and  laws  of  heat  has  led  many  able  physicists 
to  conclude  that  heat  is  not,  as  was  formerly  supposed,  a  fine  imponder- 
able substance,  but  that,  like  light,  it  is  a  peculiar  vibratory  motion  of 
the  ultimate  particles  of  bodies.  The  exact  nature  of  the  vibratory 
motion  of  atoms  which  constitutes  heat  is  more  difficult  to  determine. 

The  polarization  of  heat  16  best  explained,  like  the  polarization  of 
light,  by  the  theory  of  transverse  vibrations.  On  this  theory : — HecU  and. 
light  are  different  effects  produced  by  one  and  the  same  cause,  and  they 
differ  physically  only  in  the  rapidity  and  amplitude  of  their  vibrations. 
While  the  phenomena  of  light  are  due  to  vibrations  whose  utmost  range 
of  velocity  is  comprehended  within  the  limit  of  an  octave  in  music 
(531),  vibrations  of  less  rapidity  and  greater  amplitude  produce  heat, 
while  the  vibrations  which  produce  light,  also  in  their  turn  produce  the 
phenomena  of  heat. 

766.  Impressions  of  light  and  heat. — It  is  natural  to  admit  that 
the  more  rapid  vibrations  of  ether  are  generally  those  which  have  the 
least  amplitude.  In  fact  this  result  is  deduced  from  an  examination  of 
the  spectrum,  which  presents  a  more  feeble  illumination  in  the  blue  and 
violet.  It  is  the  same  with  sounds.  The  more  acute  sounds  have  gene- 
rally the  least  intensity,  while  the  bass  notes  are  more  prolonged.  As 
grave  sounds  have  little  intensity,  because  their  amplitude  is  great,  so 
with  vibrations  of  the  lumioiferous  ether,  we  observe  that  the  extreme 
red  of  the  spectrum  has  but  little  brilliancy. 

Vibrations  impressed  apon  the  air  by  sonorous  bodies  may  produce  upon  as 
tiro  sorts  of  sensations ;  the  one  perceived  by  a  special  organ,  the  ear,  when  the 
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yibrations  are  BaflBciently  rapid,  the  other  affecting  the  entire  forfice  of  o«r 
bodies,  producing  that  general  trembling  which  results  fkx>ni  energetio  Tibr»- 
tions,  an  in  the  case  of  thunder  or  the  roar  of  cannon.  Only  grave  sounda  oor- 
respond  to  vibrations  of  sufficient  amplitude  to  produce  this  general  effect.  On 
the  other  hand,  vibrations  of  too  great  rapidity,  and  consequently  too  little 
amplitude,  may  fail  to  affect  even  the  ear,  as  is  the  case  with  vibrations  exceed- 
ing 38,500  per  second,  J  378.  We  may  consider  the  same  vibrations  communicated 
to  the  ether  by  the  molecules  of  luminous  bodies  as  giving  rise  to  two  sorts  of 
impressions ;  the  one  peculiar  to  the  organ  of  vision,  the  other  affecting  the  whol« 
surface  of  the  body ;  the  former  constituting  the  impression  of  light,  the  other 
giving  the  impression  of  heat  when  the  amplitude  of  Uie  vibrations  is  snffioientlj 
great. 

But  the  colored  rays  which  pertain  to  the  extreme  violet  of  the  spectrum  art 
produced  by  vibrations  which  are  very  rapid,  and  which  consequently  have  very 
little  amplitude.  Such  vibrations  are  not  suited  to  produce  the  general  effect 
which  is  denominated  heat.  But  when  the  vibratory  energy  is  feeble,  as  in  the 
spectrum  obtained  from  the  electric  light,  there  are  more  evident  signs  of  heat 
in  the  violet  portion  of  the  spectrum.  In  general,  the  less  rapid  vibrations  fonnd 
in  the  yellow,  orange,  and  red,  produce  heat,  and  even  beyond  the  extreme  red, 
where  the  vibrations  are  too  slow  to  produce  light,  the  greater  amplitude  of  the 
vibrations  gives  them  great  power  to  produce  the  phenomena  of  heat.  Compare 
I  463. 

A^'rial  vibrations  of  great  amplitude,  and  a  moderate  degree  of  rapidity,  affeet 
the  entire  system  (386),  and  when  less  than  32  per  second,  they  seldom  prodnoe 
the  sensation  of  sound.  So  also  if  the  vibrations  exceed  36,500  per  second,  their 
amplitude  is  so  small  that  no  audible  sound  is  produced. 

The  gradual  weakening  of  the  violet  tint  of  the  spectrum,  and  the  existence 
of  invisible  fays  beyond  the  extreme  violet,  as  attested  by  chemical  action  and 
fluorescence,  ^§  463,  533,  prove  the  same  thing  in  regard  to  light.  Heat  and 
light  may  therefore  be  regarded  as  different  effects  of  the  same  cause. 

767.  Bodies  become  laminouB  by  incandescence. — When  a 

body  is  heated,  the  source  of  beat  first  commanicates  yibrations  to  the 

ether,  and  then  to  the  molecules  of  the  body.    The  vibrating  molecules 

in  turn  react  upon  the  ether,  and  excite  undulations  of  different  lengths ; 

the  longer  vibrations  corresponding  to  the  calorific  rays  of  least  refran- 

gibility,  will  have  a  greater  amplitude,  and  will  be  the  first  to  become 

sensible  as  light. 

Molloni  discovered  that  the  heat  rays,  emitted  by  bodies  of  low  temperature, 
are  but  little  refracted  by  a  prism  of  rock-salt,  but  as  the  heat  of  the  body 
becomes  more  intense,  and  the  amplitude  of  all  the  vibrations  may  be  eonsi- 
dered  greater,  the  rays  of  heat  are  more  refracted,  the  more  refWuigible  rays 
appear  as  light,  and  the  body  becomes  luminous.  This  result  takes  plaee  at  the 
temperature  of  about  9t7°  Fahrenheit,  whatever  be  the  nature  of  the  luminous 
substance.  Draper  formed  a  spectrum  by  means  of  light  from  a  narrow  opening, 
and  examined  with  a  lens  and  micrometer  the  positions  of  the  dark  lines  of 
Fraunhofer  (461 ).  He  afterwards  employed,  instead  of  the  narrow  opening,  a 
platinum  wire,  the  temperature  of  which  he  caused  to  vary  by  means  of  an  eleetrie 
current,  more  or  loss  intense,  and  he  fonnd  thst  the  red  part  of  the  spectrum 
appeared  first,  and  as  the  beat  and  brilliancy  of  the  wire  inereaeed,  the  other 
colors  of  the  spectrum  successively  appeared  up  to  the  violet.     This  result  if  Is 
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beaatiAil  hftrmonj  with  the  theory  ftated  aboye.  Common  cbMnration  also 
•bows  that  a  heated  body  becomes  first  red,  then  yellow,  purple,  and  at  length 
A  ftdl  white  heat    Compare  |  178. 

768.  Heat  and  light  produced  by  chemioal  and  mechanical 
motion. — It  is  easy  to  understand  that,  in  the  molecnlar  conflict  which 
constitutes  chemical  action,  the  ether  around  the  molecules  will  be 
▼iolently  agitated,  and  become  the  seat  of  undulations  of  different 
rapidity.  If  the  chemical  action  is  weak,  the  vibrations  will  be  slow, 
and  they  will  have  only  sufficient  amplitude  to  be  sensible,  and  it  has 
been  observed  that  the  heat  thus  produced  furnishes  rays  more  and 
more  refrangible  as  the  chemical  action  becomes  more  active.  When 
this  action  becomes  sufficiently  energetic  to  'give  to  the  more  rapid 
vibrations  a  sufficient  amplitude,  light  accompanies  the  heat. 

Experiments  show  that  the  color  of  the  luminous  rays  depends  upon  the  nature 
of  the  substance  from  which  they  proceed,  and  it  is  also  probable  that  the  tem- 
perature at  which  light  begins  to  appear,  depends  also  on  the  nature  of  the 
substance  or  the  color  which  it  gives  forth.  We  can  easily  understand  that  the 
nature  of  the  molecules  will  afifect  the  rapidity  of  the  vibrations,  and  we  may 
presume  that,  if  it  were  possible  to  augment  gradually  the  energy  of  the  chemi- 
cal action,  we  should  find  the  temperature  at  which  light  begins  to  appear  is 
more  Novated  in  proportion  as  the  color  of  the  light  which  the  substance  affords 
approachet  to  white  or  violet  This  conjecture  is  confirmed  by  the  fact  that  the 
incandescence  due  to  chemical  action,  when  it  is  feeble,  gives  forth  red  light. 

In  mtekanieal  aetiott,  the  vibrating  molecules  impress  upon  the  ether  vibra- 
tions of  different  rapidity,  and  when  the  action  is  sufficiently  violent,  as  in  the 
shock  of  two  flints,  or  in  the  sudden  compression  of  a  gas,  light  is  emitted  in 
connection  with  the  heat  Here,  again,  if  we  could  graduate  the  intensity  of  the 
action,  we  ought  to  obtain  a  color  approaching  more  nearly  to  white  as  the  me- 
ehanical  action  is  more  energetic. 

We  thus  see  how  the  effects  which  heat  and  light  exercise  upon  bodies  can  be 
explained  by  the  theory  of  undulations. 

The  phenomena  of  heat  in  the  interior  of  bodies  are  more  difficult  to  compre- 
hend, and  it  is  impossible  to  explain  them  by  the  system  of  emission ;  but  by 
comparing  them  with  other  effects  in  elastic  bodies,  they  are  readily  explained 
by  the  theory  of  undulations. 

769.  Dilatation  and  change  of  state. — The  heat  received  by  a 
body  agitates  the  ether ;  this  agitation  is  communicated  to  the  mole- 
cules, and  the  volume  of  the  body  is  increased  in  proportion  as  the 
amplitude  of  the  oscillation  of  the  molecules  becomes  greater.  It  is 
thus  that  bodies  which  vibrate  longitudinally  appear  larger,  and  a 
vibrating  cord  appears  swollen.  In  the  same  manner,  obstacles  opposed 
to  vibrating  parts  become  repelled,  if  they  are  so  light  as  not  to  arrest 
the  vibrations 

This  explanation  leads  us  to  a  very  simple  and  clear  definition  of 
temperature: — J^gmpenUure  consists  in  the  vibratory  sicUe  of  the  ether 
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¥*Uhin  the  body,  and  its  intensity  depends  vpon  the  amplitude  of  tkt 
tibraiions. 

The  theory  of  changes  of  tempuratare  is  naturally  explained  bj  the  tendenej 
to  esttiblish  an  equilibrium  between  the  amplitude  of  the  vibratioDf  of  bodiei 
near  each  other,  through  the  medium  of  the  ether  which  fills  the  tpaee  that 
separates  them.  The  molecules  of  bodies  should,  therefore,  be  considered  as  ia 
a  perpetual  state  of  agitation.  There  can,  then,  be  no  ahwluU  nro  only  whara 
there  is  a  state  of  perfect  repo§e. 

The  only  difficulty  in  admitting  the  existence  of  such  a  state,  is  the  fact  that 
celestial  space  is  certainly  filled  with  agitation  by  the  transmission,  in  9rtirj 
possible  direction,  of  the  different  radiations  which  emanate  from  the  mnltitada 
of  stars  which  people  space. 

Change  of  state  prodaced  by  heat. — If  the  motion  of  the  mole- 
cules is  sufficiently  euergetic,  they  leap  out,  as  it  were,  from  eacb  other, 
and  become  independent,  as  a  glass  rod  vibrating  rapidly  in  the  direo- 
tion  of  its  length,  is  divided  into  many  pieces.  We  thus  explain  the 
phenomena  of  fusion. 

If  we  revert  to  the  theory  of  the  mechanical  equivalent  of  heat,  we  can  under- 
stand how  the  conversion  of  heat  into  mechanical  work,  and  vice  vtrta,  is  a 
direct  consequence  of  the  preceding ;  for,  according  to  this  theory,  heat  is  a 
species  of  motion,  and  the  work  which  produces  this  motion  of  the  ether,  ought 
to  be  changed  into  vibrations  of  this  latter  sort ;  that  is,  it  should  be  transformed 
into  heat. 

It  is  the  same  with  the  mechanical  work  developed  by  a  vibrating  body.  The 
work  represented  is  that  which  has  been  expended  in  putting  it  into  vibration. 
The  heat  developed  in  moving  bodies,  by  electro-dynamic  induction,  and  the 
work  which  it  represents,  are  all  related  to  the  same  theory. 

770.  Qaality  of  heat  changed  by  absorption  and  radiation. — 

In  all  experiments  upon  radiant  heat,  it  has  been  observed,  that  heat* 
once  absorbed,  retains  none  of  the  peculiarities  of  the  source  from 
which  it  was  derived  ;  but  its  refrangibility  and  other  properties,  when 
again  radiated,  depend  only  on  its  temperature,  and  the  nature  of  the 
body  from  which  it  is  again  emitted. 

Heat,  transmitted  through  diathcrmanous  bodies,  appears  to  be  sifted,  or  to 
leave  behind  some  of  those  rays  which  are  transmitted  with  difBoulty  throngh 
that  substance ;  so  that  a  larger  percentage  of  the  remaining  heat  will  bo  trans- 
mitted through  another  similar  screen. 

Even  rock-salt,  generally  considered  colorless  for  heat  (046),  has  been  found, 
by  the  later  rcficarohuA  of  Prof.  Forbes,  to  transmit  a  somewhat  greater  propor- 
tion of  heat  of  high  temperature  than  of  heat  of  low  temperat«ro. 

It  is  well  known  that  heat  of  great  refrangibility,  or  small  wave-length,  passes 
more  readily  through  glass  and  mica  than  heat  having  the  opposite  qualities. 
The  difficulty  with  which  heait  radiated  by  rock-salt  penetrates  these  substances, 
as  compared  with  ordinary  heat,  would  lead  us  to  infer  that  heat  from  rock-salt 
has  a  greater  wave-length  than  ordinary  heat  radiated  from  lampblack.* 

*  See  an  able  article  ol   radiant  heat,  by  B.  Stewart,  Esq.,  in  the  Trana  ef 
Royal  So< .  of  Edinburgh,  V^ol.  XXII ,  part  I. 
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771.  Difference  between  quantity  and  intensity  of  heat. — 
Another  ourioas  fact  connected  with  this  subject  is,  that  n  )  amoant  of 
heat  of  low  temperature  can  be  so  applied  to  an  object  as  to  raise  it  to 
a  higher  temperature  than  that  of  the  source  from  which  the  heat  ema- 
nated. Thus,  the  heat  of  the  sun,  when  absorbed  by  a  blackened  wall, 
and  radiated,  cannot  be  again  raised  to  the  intensity  requisite  to  ignite 
ordinary  combustible  substances,  which  are  readily  ignited  by  the  direct 
rays  of  the  sun  concentrated  by  a  burning-glass. 

The  same  degradation  of  heat,  or  lofs  of  intensity,  is  obserred  in  condensing 
steam  in  distillation.  The  whole  heat  of  the  steam,  both  latent  and  sensible,  is 
transferred  without  loss  to  perhaps  fifteen  times  as  much  condensing  water ;  but 
the  intensity  of  the  heat  is  reduced  from  212^  to  perhaps  100^  F.  The  heat  is 
not  lost;  for  the  fifteen  parts  of  water  at  100°  are  capable  of  melting  as  mnoh 
ice  as  the  original  steam.  Bat  by  no  quantity  of  this  heat  at  100°  can  tem- 
perature be  raised  above  that  degree ;  no  means  are  known  of  giving  it  inten- 
sity. 

If  heat  of  low,  is  ever  changed  into  heat  of  high  intensity,  it  is  by  mechani- 
eal  means,  as  by  the  compression  of  gases  or  vapors  to  a  smaller  volume,  when 
the  temperature  is  elevated ;  but  this  is  rather  the  conversion  of  mechanical 
foroe  into  heat,  than  the  elevation  of  the  intensity  of  heat  previously  existing 
as  such.     Graham's  Chemistry,  Vol.  I.,  p.  100. 

It  is  stated  that  Dr.  Wollaston  received  the  beam  of  the  full  moon,  concen- 
trated by  a  powerful  lens,  in  his  eye,  without  feeling  the  least  heat  Melloni 
obtained  only  an  extremely  feeble  indication  of  beat,  by  concentrating  the  rays 
of  the  moon  by  a  lens  over  three  feet  in  diameter,  and  directing  the  brilliant 
focus  of  light  upon  the  face  of  a  very  sensitive  thermo-mnltiplier.  This  may 
merely  show  that  the  heat  reflected  or  radiated  by  the  moon,  has  become  heat  of 
too  low  intensity  to  pass  through  a  glass  lens,  or  to  warm  bodies  at  the  ordinary 
terrestrial  temperature. 

All  these  phenomena  are  more  readily  explained  on  the  undulatory  theory, 
than  by  the  theory  of  emission. 

772.  Conclusion. — We  conclude,  from  what  has  been  stated,  that 
the  theory  of  undulations,  which  so  completely  explains  the  phenomena 
of  heat  and  light,  as  well  as  the  different  sensations  produced  upon  our 
organs  by  the  two  sorts  of  radiations,  may  also  enable  us  to  compute, 
with  a  little  uncertainty  in  some  cases,  the  different  effects  which  heat 
and  light  exercise  upon  bodies.  We  see  that  heat  and  light  are  due  to 
the  same  cause,  to  ethereal  vibrations ;  and  that  the  same  vibrations  also 
pro  luce  the  tw  sorts  of  effects  when  their  amplitude  is  sufficient,  and 
their  rapidity  comprised  between  certain  limits. 

It  remains  only  to  explain,  by  these  movements  of  the  ether,  the  numerous 
and  complex  phenomena  which  are  presented  to  us  by  electricity. 

It  is  possible  that  these  effects  are  produced  by  either  longitudinal  or  rotary 
vibrations,  which  accompany  the  transverse  vibrations  corresponding  to  light 
and  heat. 

But»  while  it  is  very  easy  to  understand  the  facts  relative  to  the  propagation 
of  electricity,  it  is  somewhat  difficult  to  conceive  how  vibratory  movements 
15* 
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prodaoe  attraoUon  and  repulsion.  We  ought  not  to  regard  thit  difBealtj  ei 
ioBurmoantabley  espeoially  when  we  remember  that  polarisation  was,  for  a  long 
time,  considered  inconsistent  with  ethereal  vibrations,  until  the  idea  of  tranf- 
▼erse  vibraUons  dissipated  the  objection,  and  gave  new  clearness  to  the  wbolo 
series  of  phenomena. 

If  this  difficulty  were  once  conquered,  there  would  appear  a  possibility  of 
uniting  to  the  system  of  ethereal  vibrations,  the  grand  phenomena  of  uniTersal 
gravitation,  which  has  been  attempted  hitherto  without  success. 

But,  when  all  the  phenomena  of  nature,  in  their  infinite  Tariety,  are  reduoed 
to  one  and  the  same  cause,  wonderful  simplicity  will  be  Joined  to  the  idea  which 
we  form  of  the  power  and  majesty  of  the  Grbat  Author  of  all  things. 

To  bring  the  detailed  study  and  interpretation  of  facts  to  prove  this  grand 
unity  of  cause,  is  the  mission  which  science  should  propose  to  herself  at  tba 
present  day. 

This  close  correlation  of  physical  forces,  is  in  harmonj  with  recent 
philosophical  views  entertained  by  many  of  the  first  Physicists  of  oar 
time,  but  by  no  one  more  felicitously  expounded  than  by  Prof.  OroTe.* 

A  full  and  satisfactory  discussion  of  this  subject  will  be  found  in  the 
excellent  Traits  de  Physique  of  Daguin  (Vol.  III.,  1859),  from  which 
the  foregoing  is  condensed. 


Problems  on  Heat. 

ThermometexB. 

209.  What  number  of  Centigrade  and  Reaumur  degrees  correspond  to  the  fol 
lowing  temperatures  in  Fahrenheit's  degrees  t 

Melting-point  of  mercury,      ...•.•    —40®  F. 
"         "  bromine,      .         .         .         ,         .         ,    —  4 

"         "  white  wax, -f-168 

"         "  sodium, 194 

"         "  tin, 442-4 

"         "  antimony     ......      TTl*8 

Incipient  red  heat,         .......      977 

Clear  cherry-red  heat    .......   1,8S2 

Dassling  white  heat» 9,732 

210.  How  many  Fahrenheit  and  Reaumur  degrees  correspond  to  the  foUowing 
temperatures  in  Centigrade  degrees  ? 

Temperature  of  maximum  density  of  water,  .         .     -f-S®*87  C. 

Boiling-point  of  liquid  ammonia,  ....  — 40 
"  "         sulphurous  acid,         ....  — 10 

"  «  alcohol,  -f-76 

"  **  phosphorus, 290 

"  "  mercury,  .....     360 

21 1.  How  many  times  must  the  capacity  of  the  bulb  of  a  thermometer  exeeee 
the  capacity  of  the  tube,  in  order  that  the  thermometer  may  measure  tempen^ 
tures  from  40"  below  sero  to  fiOO^'  F.  ? 


•  The  Correlation  of  Physical  Forces :  pp.  229.    Londoii^  18M. 
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Expansion. 

212.  If  rods  of  the  following  sabstances,  iron,  brMs,  copper,  glass,  platinum, 
silver,  measure  each  3  feet  2  inches  in  length  at  the  temperature  of  50®  F.,  what 
will  be  their  respective  lengths  at  temperatures  of  10°,  25°,  76°,  and  100®  F.  1 

213.  If  a  glass  globe  holds  exactly  one  gallon  at  60°  F.,  what  will  be  its  ca- 
pacity if  measured  at  the  temperature  of  boiling  water  ? 

214.  If  a  rulroad  is  oonsUncted  in  winter,  when  the  average  temperature  is 
25®  F.,  how  far  apart  must  the  ends  of  the  iron  rails,  18  feet  long,  be  laid  to 
allow  sufficient  room  for  expansion  at  the  temperature  of  120°  F.  f 

215.  What  change  of  temperature  is  required  to  produce  an  elongation  of  S 
inches  in  a  portion  of  the  Britannia  tubular  bridge  (|  172),  917  feet  in  length? 

216.  Qas-pipes,  laid  3  feet  below  the  surface  of  the  earth,  are  exposed  to  a 
change  of  temperature  of  60®  F.,  from  summer  to  winter ;  what  is  the  extent  to 
which  the  joints  (10  feet  apart)  will  be  opened  in  winter,  if  the  strain  is  equally 
divided  among  the  several  joints  ? 

217.  Calculate  the  lengths  of  the  steel  and  brass  rods  required  to  adapt  Harri- 
son's gridiron  pendulum  to  vibrate  seconds  at  the  following  places :  London, 
Paris,  New  York,  and  St  Petersburgh. 

218.  Reduce  the  following  heights  of  the  barometer,  observed  at  the  annexed 
temperatures,  to  the  equivalent  heights  at  the  freesing-point : — 


1.  301  in.  f  =»  40®  F. 

2.  29  4  "  f  =  25® 

3.  27-9  "  f  *«  65® 

4.  28  3  "  f  =  75® 


5.  23  2  in.  f  >=>  50®  F. 

6.  24-7  "  <  =  80® 

7.  17-4  "  <  =  19® 

8.  15-8  "  1  =  10® 


219.  Reduce  the  following  barometric  observations  made  at  8®  C,  to  the  tem- 
peratures indicated  by  the  values  of  t,  given  below  : — 


1.  24     in.     reduce  to  f  «=  30®  C. 

2.  27-5  "  "      "  f  =  25® 


3.  28-5  in.     reduce  to  (  =  55®  C. 

4.  19  5  "  "      "  f  =  19® 


220.  A  sphere  of  brass,  3  inches  in  diameter,  immersed  in  water,  is  suspended 
f^om  the  pan  of  a  hydrostatic  balance,  and  counterpoised  at  the  temperature  of 
60®  F.  What  weight  will  be  required  to  restore  the  equilibrium  when  the  tem- 
perature of  the  water  and  globe  is  raised  to  200®  F.  f 

221.  To  what  temperatures  must  an  open  vessel  be  heated,  the  pressure  re- 
maining constant,  that  i,  i,  and  |  of  the  air  it  originally  contained,  may  be 
successively  driven  out  of  it  ? 

222.  A  balloon  containing  1000  cubic  feet'  of  gas  at  80®  F.,  and  29  inches 
barometric  pressure,  rises  to  a  position  where  the  thermometer  stands  at  40®, 
and  the  barometer  at  22  inches.  Calculate  the  volume  of  the  gas,  supposing 
the  capacity  of  the  balloon  to  allow  it  to  expand  freely. 

Speoifio  Heat. 

223.  How  much  heat  is  required  to  raise  the  temperature  of 

50  lbs.  of  water       from  40®  F.  to  150®  f 

24  "    «  sulphur,     "      63®       "  212®? 
45   "    "  charcoal,    "      45®       "  930®? 

25  "    "  alcohol,      "      35®       "    65®? 
11   "    "  ether,  "       5®       "  132®? 

224.  The  following  quantities  of  water  were  mixed  together, — 2  lbs.  of  water 
St  40®  F. ;  5  lbs.  at  65® ;  7  lbs.  at  70®;  and  3  lbs.  at  90®.  What  was  the  tempera- 
tnre  of  the  mixture  ? 

225.  How  much  water  at  200®  F.,  and  how  much  water  at  50®,  most  be  mixed 
together,  in  «»rder  to  obtain  20  lbs.  of  water  at  85®  ? 
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228.  Equal  Tolumea  of  mercarj  at  212°  F.,  and  water  at  32^,  are  mixed  tog» 
tber.    What  is  the  temperature  of  the  mixture  * 

227.  What  temperature  will  be  produced  by  mixing  equal  Tolumea  of  meroarj 
at  32°  F.,  and  water  at  212°  ? 

228.  Five  pounds  of  ice  at  32°,  are  mixed  with  7  lbs.  of  water  at  200°  F. 
What  will  be  the  temperature  of  the  mixture  after  the  ice  is  melted  f 

220.  How  much  ice  at  32°  must  be  mixed  with  100  lbs.  of  water  at  50°  F.,  in 
order  to  reduce  the  temperature  of  the  mixture  to  35°  F.  1 

230.  How  much  ice  at  32°,  is  required  to  cool  10  lbs.  of  mercury  at  S00°,  to 
the  freesing-point  of  water  ? 

231.  In  order  to  determine  the  heat  of  fusion  of  lead,  200  ounces  of  melted 
lead  at  the  melting-point  were  poured  into  1850  ounces  of  water  at  50°  F.  After 
the  lead  had  cooled,  the  water  was  found  at  20°*70  Centigrade.  Required  the 
heat  of  fusion  of  lead  in  degrees  Fahrenheit 

232.  How  much  heat  is  required  to  raise  the  temperature  of  a  cubic  foot  eaeh 
of  air,  oxygen,  carbonic  acid,  and  hydrogen  from  32°  F.  to  75°,  if  the  gas  ia 
allowed  to  expand  freely,  and  the  barometer  remains  stationary  at  SO  inches  ? 

233.  In  a  room  20  by  30  feet,  and  10  feet  high,  the  barometer  standing  at  30 
inches,  how  many  units  of  heat  are  required  to  raise  the  temperatare  of  the  air 
from  40°  F.  to  75°  ? 

234.  In  the  last  example,  how  many  units  of  heat  are  expended  in  ezpanding 
the  air  of  the  room  ? 

Tension  of  Vapon. 

235.  Before  filling  a  barometer  with  mercury,  a  small  quantity  of  water  was 
poured  into  the  tube.  How  high  will  the  mercury  stand  in  the  barometer  when 
the  temperature  is  75°  F.,  and  the  pressure  of  the  air  is  20  inches  in  an  aeea- 
rate  barometer  ? 

236.  Solve  the  last  problem,  assuming,  first,  that  alcohol,  secondly,  that  sul- 
phuric acid,  and  thirdly,  that  oil  of  turpentine  were  used  instead  of  water. 

237.  Calculate  the  tension  of  the  vapor  of  water  at  the  following  temperatares : 
50°,  75°,  110°,  175°,  220°,  205°,  and  300°  F. 

238.  Determine  the  boiling-point  of  water,  ether,  and  alcohol  at  the  following 
pressures :  31  in.,  20-75  in.,  29-21  in.,  28  in.,  274  in.,  23*7  in. 

239.  A  cylinder  is  filled  with  steam  at  a  temperature  of  250°  F.,  and  a  pres- 
sure of  two  atmospheres.  What  will  be  the  tension  of  the  Taper  if  ita  volume 
is  diminished  one-half  by  pushing  down  the  piston  f  What  will  be  the  tension 
of  the  vapor  if  it  is  allowed  to  expand  to  twice  its  former  volume  ? 

240.  If  a  cubic  inch  of  water  is  hermetically  sealed  in  a  bomb-shell,  capable 
of  holding  200  cubic  inches,  and  strong  enough  to  sustain  a  pressure  of  450  lba» 
to  the  square  inch  ,*  what  temperature  is  required  to  burst  the  bomb-shell? 

Ventilation  and  Wanning. 

241.  How  many  flues,  each  six  by  twelve  inches,  and  fifty  feet  high,  are  re- 
quired to  ventilate  a  lecture-room  seating  1200  persons,  when  the  temperature 
of  the  room  is  70°  F.,  and  the  external  air  at  30°,  allowing  each  person  three 
and  a  half  cubic  feet  of  fresh  air  per  minute  f 

242.  Repeat  the  calculations  of  the  last  problem,  on  the  supposition  that  1500 
persons  are  in  the  room,  and  make  additional  allowance  for  illumination  by  5i 
gas  burners,  consuming  each  3^  cubic  feet  of  gas  per  hour,  at  an  expeoditnrt 
of  20  feet  of  air  for  every  cubic  foot  of  gas  consumed. 
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CHAPTER  III. 


ELECTRICITY. 

773.  General  statement. — Electricity  is  conveniently  subdivided 
into,  1.  Magnetic  electricity  or  magnetism ;  2.  Statical  or  frictional 
electricity ;  and,  3.  Dynamical  or  Voltaic  electricity.  We  will  consider 
the  sabject  in  this  order. 

2  1.  Magnetic  Eleotrioity. 

I.     PROPERTIES  OF  MAGNETS. 

774.  Lodestone— natural  magnets. — There  is  foand  in  nature  an 
ore  of  iron,  called  by  mineralogists  magndiie,  or  magnetic  iron,  some 
specimens  of  which  possess  the  power  of  attracting  to  themselves  small 
fragments  of  a  like  kind,  or  of  metallic  iron.  This  power  has  been 
called  magnetism,  from  the  name  of  the  ancient  city  of  Magnesia,  in 
Lydia  (Asia  Minor),  near  which  the  ore  spoken  of  was  first  found.  It 
crystallizes  in  forms  of  the  monometric  system,  often  modified  octo- 
hedra,  like  fig.  520,  and  is  a  compound  of  one  equivalent         520 

of  perozyd  of  iron  with  one  of  protoxyd.  (FeO  -|-  VeJCK 
=  ¥efii,)  It  is  one  of  the  best  ores  of  this  valuable 
metal. 

Formerly  all  magnets  were  lodestones,  or  natural  mag- 
nets.   A  fragment  of  this  ore  rolled  in  iron  filings  or  mag- 
netic sand,  becomes  tufted,  as  in  fig.  521,  not  alike  in  all  parts,  but 
chiefly  at  the  ends.    Fig.  522  shows  a  similar  mass  mounted  in  a 
frame,  H,  with  poles,  pp^,  of  soft  iron.  5S1  622 

Thus  mounted,  the  lodestone  gains  in 
strength,  by  sustaining  a  weight  from 
the  hook  below,  on  a  soft  iron  cross-bar. 

775.  Artifioial  magnets  are  made 
by  touch  or  influence  from  a  lodestone, 
or  from  another  magnet,  or  by  an  elec- 
trical current.  Hardened  steel  is  found  to  retain  this  influence  perma- 
nently, while  masses  of  soft  iron  be^me  magnets  only  when  in  contact 
with,  or  within  a  certain  distance  of  a  permanent  magnet.  Artificial 
magnets  are  more  powerful  than  the  lodestone,  and  possess  properties 
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entirely  identii;al  with  iL  MugneU  attract  at  all  diatances,  but  Ibeti 
puwur  increiwen.  like  all  forces  acting  fmni  a  centre,  itiveraelj  as  lbs 
square  of  tlie  distance.  Heat  diuilDiBliefl  tlie  puwer  of  magnets,  but  if 
not  heated  bej'imd  a  certaio  degree  (full  redness),  this  power  reluniB 
on  oooling.  and  is  incroaaed  at  lower  temperatures.  AbnTB  that  point, 
the  ooeroitive  force  is  destroyod,  and  they  I»>B8  all  niBgnetic  power, 

Vu-ioui  fonoi  ara  giiea  la  mftgnsli     The  har  nayiiii  [■  ■  ilmpla  itnughl  bm 
of  hurdgofil  Itscl.     If  rurred  so  u  tu  bring  thg  cnda  nsur  lagcther,  il  u  calltHl 

inlD  ona,  flg.  IiS3,  tL  ia  callRl  ■  compannil  tnagHEt.  or  niagnelia  hiiteiy.     Tha 


moat  powerfal  utlHolal  ■.'■ 
ilmei  tbulr  oao  Hvigbi. 
MagDetto  needlea 

trvtiong.    The 

TT6.  DlatiibuUOQ  of  tbe  maguetio  forca— 
polarity.— The  iniiguutic  forte  U  nut  equallj  dis- 
tributed in  all  parts  of  a  niugnet,  but  ia  found  con- 
centrated cliieliy  about  the  endB,  and  diminishing 
toward  the  centre,  wbiob  is  neutral.  The  paints  uf  greatest  attraction 
are  called  pola.  When  a  magnet  is  rolled  in  iron  tilings  or  tnn^uetia 
sand,  the  poaitioD  of  the  poles  is  seen  as  in  the  bar  magnet,  Gg.  S'2S, 


whose  centre  is  found  to  be  quite  deToid  of  the  nllrni'led  pnrlicles  which 
<jlusler  about  the  ends.  The  point  of  no  attracthm  i<  called  the  neutral 
pitint — line  of  ntBRnelio  indifference,  or  equator  of  mapietisni.  E«e»j 
magnet  has  at  1ea»t  two  pule^,  and  one  neutral  point.  The  inogni^iic 
poles  are  distinguished  as  N  »t  S,  Austral  or  B.ireBl  (A  and  B|,  ur  t-j 
the  sign.*,  pluci  (  |-)  nod  niinu'i  (- — ),  all  thctiB  *ign3  having  refer^niw  Id 
the  earth's  attraction,  and  tii  the  antagonism  between  the  pidas  of  unliki 
name.    The  law  regulating  the  distribution  of  raagnetie  fbree  in  a  bar, 


wu  dAtermined  hy  Coulomb,  by  means  of  the  torsion  balaoce,  j  820, 
tn  be  very  nenrly  as  the  wiuares  of  the  liistauce  of  any  giveo  point, 
frcra  the  niagnplii;  e([iiat"r  or  DPiitml  p<)int. 

777.  Magnetic  phantom — magnetio  cuttsb, — The  distribution 
of  the  magnetic  force  about  the  poles  of  a  oingnet  in  beantifully  shown  ' 
by  plaeiog  a  sheet  of  stiff  paper  over  the  poles  of  a  horse-shiie  magnet, 
and  scattering  fine  iron  filings  or  magnetic  sand  from  a  sieve  or  |;auiB 
bat;  °^^'  the  paper.  As  they  touch  the  Hurface  of  the  paper,  each 
filing  EisunmBa  a  certain  ponition,  marking  the  eiiict  pluce  of  the  ning- 
netic  poles  and  of  the  neutral  line,  as  seen  in  fig,  52G.  The  magnet 
may  bo  laid  horiiootBlly,  or  a  series  of  magnetic  bars  may  }>e  placed 
lis  in  fig.  532.  producing  very  pleasing  and  instructive  results.   Tupping 


I 

I 


the  edge  of  the  paper  gently  with  the  nail,  or  a  peo-stk-k,  focililalea 
the  adjustment  of  the  filings.  The  onrres  eihibit«d  by  the  mugnetia 
phantom  have  been  mathematically  investigated  by  I>e  llaldat,  who  fur 
that  purpose  transferred  them  to  a  glued  paper. 

To  Bi  tbs  carTBs.  NickKa  iuo>  ■  wBied  piper,  and  nlisD  (be  Bgnrea  (re  pro- 
du<^«l.  ttao;  may  bs  fixed  in  pofitioD  by  bulding  ■  boited  plaw  of  inin  near  lb* 
lutfue  of  llie  paper.     A»  »oon  u  the  w»i  ii  niied,  which  ii  B«ilj  pcicoived  by 

Uie  fllingt  beoome  fixed  in  paBidon  ud  Id  IdH  rolief  (Am.  JoBr.  BA  [2]  XXX. 
tl.)     Iba  CDriei  may  then  be  mora  conrenienlly  atadied. 

77S.  Magnetlo  fieoiea  may  be  produced  on  the  surface  of  a  thin 
■teel  plate,  by  marking  on  it  with  one  pole  of  a  bar  magnet.  Magnetisoi 
is  Uius  produced  in  the  steel  along  the  line  of  contact,  which  is  after- 
wards made  evident  by  magnetic  sand,  or  iron  filings  sprinkled  on  the 
plate.  These  lines  may  be  varied  or  multiplied  at  pleasure,  with 
pleasing  effects ;  their  polarity  is  always  the  reverse  of  that  carried  by 
the  bar.  They  may  be  made  even  through  paper  or  card-board,  and 
wiU  ramain  for  a  lung  time.     Blows,  or  heat,  will  remove  them.    Hard 
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plnt«  Bteel  is  bent  for  thiH  purpose.  iibi>ut  nnC'twcDtieth  tu  ona^ighth  of 
nn  inch  (hiuk,  unil  ail  iorlies  U>  twelve  inuhes  •qtiare. 

779.  Anoiualoiu  magneta  nre  aneh  lu  hnre  nmro  than  tiao  pole*. 
Thoa  ths  bur  socu  in  fig.  52"  lia.-*  o  pnir  iif  similar  pitlus  ( — |.  st  the 
KSntre,   aoi   its   onda   are    cod-  527 

sequently  aimilar  (-f)<  while  it 
hoii  twn  neutral  pointn  at  a  and 
c  Fig.  52S  Bhuws  n  bar  with 
Cliree    BBts   i>f   pules,   arranged  iSS 

nlteniately  —  and  +,  with  three  ni'utrul  pniuts  ut  m,  o.  and  n.  Broken 
at  these  neutral  points,  everj  magnet  hucuuieB  two  iir  uure  aepamta 
magneU,  with  corretponding  polarity. 

7>'0.  AttiaoUon  and  repnlaion.— The  law  or  magnetic  attraction 
and  repuUion  is,  that  like  poles  repel,  and  arUike  poUr  atlracl  each  other. 

ir  •  place  or  aaft  inn  it  praaeolsd  to  either  pal<  of  *.  magDctiD  DsedlB,  fig. 
■Itnction,  uhloh  ii  reDiprofal  botvsen  tbc  Dwdls  *ad  the  iron ;  for 
J  iuapflndiH],  md  Iha  ndsdlfl  spproaahed  to  it,  thfl  iroa  ii  attracted 
hj  Bitber  *nd  of  ttie  nMdlB.  ir,  huwsTer,  a  ipiigoel  ia  approHhed  la  the  oeedle, 
-j-  (o  — ,  (bars  ia  tUtraoUon  ;  if  —  la  —  or  -(-  to  +>  tbor*  ia  t«pnbion. 

If  ths  nnlika  polaa  of  two  siguiil  Dia|;a«tis  bira,  tufted  with  Iron  BliDga,  ar* 

approacbed.  Iha  tutta  join  in  a  foalDOD ;  but  if  tba  polsa  are  of  tbo  aam*  name, 

UDit  of  ths  aUnga  Tall.     Far  tbo  Bamp  rcuod.  If  a  magnatlo  bar,  B,  fig.  iVt.  ia 

b29 


b2i.  Ihsn 


■'^a. 


T"      ? 


Ihar  bar,  A,  of  eiaal  power  to  B,  aa  tba  two  oppaaiia 

Dda  appraacb 

b  other  by  tba  oppgting  action  of  lb«  uialnl  aad  bore 

al  magnatlnn. 

Til.  Haenetlam  \>j  contact.— When  a  masB  or.iron,  or  of  an; 
magnetiiublc  body,  la  placed  in  contact  with  a  magnet,  it  r«oei*et  tnag- 
netism  throughout  its  maHs,  and  of  the  Game  name  aa  the  pole  with 
whiuli  it  is  In  contact.  Thus,  iu  fig.  530,  the  aoft  iron  key  is  susUined 
by  the  north  pole  of  a  magnetic  bar:  a  second  key,  a  nail,  a  tack,  and 
some  iron  filings,  are,  in  succession,  also  sustained  by  the  magnetism 
imparted  by  contact  from  the  bar  magnet  through  Uie  soft  iron.  Th« 
leries  of  soft  iron  rings,  in  fig,  531,  is  sustained  frum  the  bar  magnet 
under  the  ume  oonditioni  of  polariqr.    Tested  by  a  dnlicaia  neeille. 


£L£GTRICIT)r. 


515 


every  p»irt  of  the  sustained  masses  will  manifest  only  n^rth  polarity,  and 
we  may  regard  them  as  only  prolongations  of  the  original  pole.  This  is 
analogous  to  electrical  conduction.  ^'^^ 

Pure  soft  iron  receives  magnetism  sooner  and  more  power- 
fully than  steel  or  cast  iron,  and  also  parts  with  it  sooner. 
Hardeneil  steel  and  hard  cast  iron  retain  more  or  less  of  the 
magnetic  force  permanently.  No  other  metals  beside  iron, 
nickel,  cobalt,  and  possibly  manganese,  can  receive  and  retain 
magnetism  by  contact  631 

These  are,  therefore, 
called  the  magnetic 
metals. 

782.  Magnetism  in 
bodies  not  ferrngin- 
ona. — Beside  the  mag- 
netic metals,  so  called, 
Cavallo  has  shown  that 
tbe  alloy,  brass,  becomes 
magnetic  (slightly)  by 
hammering,  but  loses 
that  property  again  by  heat  Some  minerals  are  magnetic,  particu- 
larly when  they  have  been  heated.  The  pure  earths,  and  even  silica, 
are  found  to  have  the  same  property.  In  the  case  of  silica,  and  some 
other  minerals  containing  ozyd  of  iron  in  combination,  this  is  not  so 
surprising.  M.  Biot  determined  in  the  case  of  two  specimens  of  mica, 
one  from  Siberia  (muscovite),  and  the  other  from  Zinnwald  (lithia  mica), 
that  their  magnetic  powers  were  (by  the  method  of  oscillations)  as  6*8 
to  20,  and  he  remarked,  if  the  ozyd  of  iron  be  the  cause  of  their  magnetic 
virtue,  it  should  exist  in  the  minerals  in  the  above  proportion  ;  and  curi- 
ously enough,  the  result  of  Vauquelin's  analyses  (then  unknown  to  M. 
Biot)  corresponded,  almost  exactly,  to  these  numbers. 

Some  itates  of  ohemioal  combination,  however,  appear  to  destroy,  or  cloak, 
the  magnetic  virtnef  of  iron ;  €,g.  mn  alloy  of  iron,  one  part,  with  antimony 
foor  parte,  was  fonnd  by  Seebeck  to  be  utterly  devoid  of  magnetic  action ;  and  the 
magnetlo  power  of  nickel  is  entirely  concealed  in  the  alloy  called  German  silver. 

The  researches  of  Faraday  have  shown  matter  of  all  kinds  to  be  subject  to  a 
eertain  modifled  degree  of  influence  by  magnetism  (J  799.  DiamagnHiam), 

II.    MAGNETIC  INDUCTION  OR  INFLUBNCB. 

783.  Induction. — Every  magnet  is  surrounded  by  a  sphere  of  mag- 
netic influence,  which  has  been  called  its  magnetic  atmosphere.  Every 
magnetisable  substance  within  this  influence  becomes  magnetic  also 
(without  contact),  the  parts  contiguous  to  the  magnet  pole,  having  an 

46 
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opposite,  and  those  remote  from  it,  a  similar  name.    This  inflaenoe  u 
called  induction. 

Thus,  in  fig.  632,  the  north  end  of  a  bar  magnet  indnoes  south  polarity  in  tha 
oontiguouB  ends  of  the  five  bars  snrroanding  it,  and  north  polarity  in  their 
remote  ends.     If  these  bars  are  of  hardened  steel,  they  632 

will  retain  a  small  portion  of  the  magnetic  force  induced 
from  a  powerfal  bar,  but  if  thoy  are  of  soft  iron,  they 
will  part  with  their  magnetism  as  soon  as  the  source 
of  excitation  is  withdrawn.  lu  this  case,  the  magnetised 
bars  have  a  tendency  to  move  up  to  the  magnet,  and  are 
prevented  from  doing  so  only  by  friction  and  gravity.  »^ 
The  attraction  is  reciprocal,  and  we  hence  infer  that 
there  is  induction  in  every  case  of  magnetic  attraction. 

In  the  iron  filings,  arranged  in  magnetic  curves,  fig. 
626,  on  a  glass  plate,  or  card-board,  the  same  tendency 
is  observed.  " 

Small  pieces  of  soft  iron  wire  suspended  from  the  ends  of  a  thread  near,  and 
parallel  to  each  other,  when  approached  by  a  bar  magnet,  receive  induced  mag- 
netism, the  farther  ends  diverging  by  mutual  repulsion.  Two  sewing-needles 
thus  suspended  and  influenced,  become  permanent  magnets. 

The  ingenuity  of  the  teacher  will  furnish  many  pleasing  and  instmctiTe  illnt- 
te'ations  of  magnetic  induction. 

784.  Theoretical  considerations. — The  real  natare  of  the  magoetio 
force  is  unknown  to  us ;  but  the  analogies  offered  by  electro-magnetism 
and  magneto-electricity,  lead  to  the  conviction  that  it  is  one  mode 
of  electrical  excitement.  Unlike  light,  heat,  and  statical  electricity, 
magnetism  affords  no  phenomena  immediately  addressed  to  the  senses. 
It  is  distinguished  from  statical  electricity  chiefly  by  its  permanent 
character  when  once  excited,  and  by  the  very  limited  number  of  sub- 
stances capable  of  receiving  and  manifesting  it. 

785.  Theory  of  two  fioids. — It  may  be  assumed  that  there  are  two 
magnetic  or  electrical  fluids  (the  Boreal  or  positive,  and  the  Austral  or 
negative),  which  are  in  a  state  of  equilibrium  or  combination  in  all 
bodies  ;  that  in  iron,  nickel,  &c,,  these  two  forces  are  capable  of  sepa- 
ration, by  virtue  of  the  inductive  influence  of  the  earth,  or  of  another 
magnet,  while,  in  other  bodies,  this  permanent  separation  cannot  be 
effected.  The  two  magnetic  forces  are  never  seen  isolated  from  each 
other,  but  are  always  united  in  one  bar.  Hence,  we  cannot  have  a 
boreal  magnet,  or  an  austral  magnet,  as  we  may  in  statical  electeicity 
produce,  at  pleasure,  vitreous  or  resinous  excitement  over  the  whole 
surface  of  a  body.  Both  poles  must  coexist  in  every  magnet.  If  we 
break  a  magnetic  bar  at  its  neutral  point,  we  have  two  magnets  of 
diminished  force,  but  each  half  has  its  two  poles  like  the  original  bar, 
and  its  neutral  point  also.  The  anomalous  magnets,  figs.  627,  528,  will 
render  this  statement  intelligible.    Every  magnet  must,  in  this  view. 
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be  regarded  as  an  assemblage  of  namberless  small  magnets,  every 
molecule  of  steel  having  its  own  poles  antagonistic  to  those  of  the  next 
contiguous  particle.  This  conception  is  rendered  clearer  to  the  senses 
by  fig.  533.    Here  the  N  and  S  poles  ^33 

of  the  several  particles  are  each  re- 


presented  as  pointing  one  way  re-  r=Sf=^r=S^SSBt=ar=ar=^ 
spectively,  and  towards  the  N  and  S  «»»»»«»» «»»»»*»»»« 
ends  of  the  bar.  These  opposing  forces,  therefore,  constantly  increase 
from  the  centre  or  neutral  point,  where  they  are  in  equilibrium,  to  the 
ends,  where  they  find  their  maximum.  This  arbitrary  illustration 
enables  us  to  conceive  how  such  a  body  may  excite  similar  manifesta^ 
tions  of  power  in  another,  without  itself  being  weakened,  and  how 
each  part  becomes  a  perfect  magnet,  if  the  bar  is  broken.  The  experi- 
ment shown  in  fig.  529,  illustrates  well  the  reunion  of  the  two  fluids, 
to  form  the  neutral  state  of  the  undecomposed  influence. 

De  Ualdat  bM  shown  that  a  brass  tabe,  filled  with  iron  filings,  confined  by 
screwed  caps  of  brass,  can  be  magnetized  by  any  of  the  modes  used  for  bars, 
and  have  its  poles  and  neutral  point  like  a  bar  magnet ;  but  if,  by  concussion, 
the  particles  of  iron  are  disarranged,  the  magnetic  force  diminishes,  and  finally 
disappears. 

The  magnetic  pastes  of  Dr.  Knight  and  of  Ingenhauss,  also  illustrate  the  fact, 
that  little  particles  of  magnetic  iron,  or  of  pulverized  lodestone,  may  determine 
the  existence  of  the  magnetic  poles,  and  a  neutral  line,  when  they  are  compacted 
into  a  mass,  by  drying  oils,  or  by  the  use  of  some  gummy  substance. 

Even  so  small  a  quantity  as  one-sixth  of  ferruginous  particles,  in  five-sixths 
of  sand  or  earthy  matter,  can  be  magnetized  as  a  bar,  showing  clearly  the  de- 
composition of  the  neutral  fluid  in  each  particle. 

786.  Coeroitive  force. — The  resistance  which  most  substances  show 
to  the  induction  of  magnetism,  has  been  distinguished  by  the  term  c(h 
ereiiive  force.  In  soft  iron,  this  force  may  be  regarded  as  at  a  minimum, 
since  this  substance  will  receive  magnetic  influence  even  from  being 
placed  in  the  line  of  magnetic  dip,  while  in  steel  which  has  been  hard- 
ened, a  peculiar  manipulation  is  required  to  induce  any  permanent 
magnetism.  Soft  iron  parts  with  its  induced  magnetism  as  readily  as 
it  receives  it ;  but,  if  it  is  hardened  by  blows,  or  violent  twisting,  or  by 
small  portions  of  phosphorus,  arsenic,  or  carbon  combined  with  it,  a 
portion  of  magnetism  is  permanently  retained  by  it  from  induction. 

As  blows,  by  hardening,  may  induce  permanent  magnetism  in  sofi  iron,  so,  in 
steel,  the  coercitive  force  may,  by  simple  vibration,  as  by  blows  on  a  magnetic 
bar,  ur  by  an  accidental  fall,  destroy  a  large  part  of  the  force  developed,  by 
giving  opportunity  to  the  coercitive  force  to  resume  its  supremacy.  In  general, 
whatever  cause  induces  hardness,  increases  the  coercitive  force  ;  and,  conversely, 
it  is  diminished  by  annealing,  or  any  cause  which  results  ir  softening  the  mass. 

III.     TERRESTRIAL  MAGNETISM. 

787.  Magnetic  needle. — Directive  tendency. — A  magnetic  nee- 
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die,  euspeniled  urer  Ihe  poles  (if  a  liurBe-shu 
the  pluue  of  tlie  pule* ;  nud,  in  uln'ilieiicc  I 
DiSignetic  attntutioDs,  its  A  ami  B  polea 
wilt  be  oppoaiU)  to  llic  B  and  A  poleti 
nf  the   attraating   mngDet.      The   sus- 
pended needle,  in  Gf;.  534,  assomee  ilfi 
pusitlan  b;  reaaoa  of  the  saiuu  law,  and 
L-umes  tu  rest  with  ila  A  p'lle  luward  the 
N  pula  of  the  earth,  and  its  B  pule  Iv- 
wnrds   the   situUi.     All   bar   Dingnets,  9--' 
baviog  a  free  tuutiuu  in  a  horizontal 
plane,  arrange  themselves  io  this  aiHii- 
aer  Id  ever;  part  of  the  earth. 

Thii  direcliTB  lonilenoy  oriha  m»snel  bu 
Wn  known  to  Bntopon 


tvslfth  P 

liMi  nmrinflr'*  can 
ing- needle,  reodon 


D  tlie  Cbiiii 


ind  »lla<>«d 


nawn.  it  ii  i 
piue.  u«bJ  bj  Sjrii 

tiUuable  ta  Itas  Diplonr  nf  ■  piitbliwa  wildcrncEi.  to  the  sarrejm  and  tbe  miner; 
the  mlnemlDgiit  and  tbv  pb; liaiil  alga  Bod  it  indiapenaabln  in  nito;  resnuebu. 
Tbo  terms  Aiitinil  and  l)"rtal  h»ro  b<en  applied  Io  the  pul»ritr  of  Iba  mag- 
nslio  nesdie,  in  allugion  to  the  fne  Auatrat  and  Bareil  magnolifni  ounmed  Co 
axial  mpeetlrfly  in  Ibi  louiharo  and  nottbern  ragiana  of  tb«  «artb.  In  afeord- 
anee  nith  magnetic  lair,  the  eud  of  tbe  needle  poinling  norlb  ii  called  .4wlra(, 
and  that  puiollng  aoutb,  BortaL  For  greater  aiupliuitj,  tbe  twiriner'F  DonpaM 
Ib  murked  N  on  that  point  wbinh  turna  to  Ib«  nortli,  and  coDTcrnlj'  {  bat  tha 
lerma  austral  and  boi-sal  may  be  uaed  intcrcbangeabl;  with  poiitin  and  Naga- 


The  marlaei's  oompaaa  is  u-rauged  in  a  boi  (K,  Gg.  535)  c»U«d  ■ 
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needle,  a  6,  fig.  536,  delicately  poised  on  a  socket  of  agate,  is  attached 
to  the  lower  side  of  a  card  or  plate  of  mica,  t,  on  which  is  printed  the 
star  of  thirty-two  points, — seven  between  each  two  of  the  cardinal 
points,  N.,  £.,  S.,  and  W.  The  compass-box,  o  o,  is  hung  on  points 
called  gimbals,  e d  cz  (pronounced  gimbles),  which  allow  it  to  remain 
always  horizontal,  however  the  ship  may  roll.  The  transom  or  cross- 
sights,  A,  may  be  placed  at  pleasure  on  the  face,  m,  of  the  compass, 
when  the  object  is  to  measure  points  on  the  coast.  Both  parts  of  the 
figuru  are  similarly  lettered. 

The  aatatio  needle  is  mi  instminent  in  which  the  directive  tendency  of 
the  eurth'fl  magnetism  is  nentralised,  by  placing  two  equal  needles,  a  6,  6'  a', 
fig.  53/,  parallel,  one  above  the  other,  with  their  unlike  poles 
opposed  to  each  other.  This  system  is  suspended  by  a  fibre 
of  raw  silk,  and  is  a  most  sensitive  test  for  feeble  magnetic 
cnrreiaCs.  Such  is  the  construction  adopted  in  the  galvani- 
fcope,  to  be  hereafter  described.  The  two  needles  must  be 
of  exactly  equal  force,  or  a  6  and  a'  b'  will  not  neutralize 
each  other,  and  the  system  will  have  a  directive  tendency, 
equal  to  any  difference  of  force  in  the  two  needles. 

The  most  simple  astatic  needle  is  made  by  touching  a  steel 
sewing-needle,  at  its  centre  of  weight,  by  the  N.  pole  of  a  ^ 
powerful  magnet ;  the  point  touched  develops  two  S.  poles, 
aikd  the  two  ends  are  N.    Such  a  needle  is  very  nearly  astatic. 

788.  Magnetic  meridian — declination  or  variation. — There  are 

but  few  places  in  the  world  where  the  magnetic  needle  points  to  the 

true,  or  astronomical  North ;  and  in  all  other  places,  a  plane  passing 

through  the  axis  of  the  magnetic  needle  (the  magnetic  meridian),  fails 

to  coincide  with  the  geographical  meridian.    Moreover,  the  magnetic 

meridian  in  any  given  place  is  not  constant,  but  changes  slowly  from 

year  to  year  (called  secular  varicUion)^  being  now  on  the  £.,  and  again 

on  the  W.  side  of  the  true  North.     This  is  called  the  declination  or 

varialian  of  the  magnetic  needle.     The  declination  is  called  Eastern, 

or  Western,  according  as  it  may  be  to  the  East  or  to  the  West  of  the 

astronomical  meridian.     The  angle  formed  by  the  meeting  of  the  true 

and  the  magnetic  meridians  is  called  the  angle  of  declination.    Thus, 

at  Washington  City,*  the  angle  of  declination  in  1855-6,  was  2**  36'  W., 

and  at  New  Haven  it  was  6°  37^*9  W.,  August  12,  1848.    Js.  Ruth 

observer. 

Columbus,  in  his  first  voyage  to  America,  found  the  needle  to  have,  as  he 
sailed  westwards,  an  increasing  variation  from  the  true  North,  a  circumstance 
not  before  observed,  and  which  caused  the  greatest  consternation  in  his  super- 
stitious crew,  **  who  thought  the  laws  of  nature  were  changing,  snd  that  the 
eompass  was  about  to  lose  its  mysterious  power."    (Irving's  Columbus.)     Not* 


•  U.  S.  Coast  8urv^  Report,  1858,  19«.     C.  A.  Soiiott,  Observer. 
46* 
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withstanding  these  and  other  similar  observations,  it  was  not  until  the  middla 
of  the  seventeenth  century,  that  the  variation  of  the  compass  was  an  established 
fact  in  magnetic  science.  The  observations  on  the  declination  cf  the  eompaai 
in  England,  date  from  1580.  The  following  table,  from  Uarria,  oontaint  the 
declination  with  the  mean  rate  of  motion,  as  referred  to  certain  periods  of  obaer> 
vation  in  London,  between  1680  and  1850,  or  aboat  two  hundred  and  seventy 
years.  Eastern  declination  being  distinguished  by  the  negative  sign,  and  west> 
em  by  tha  positive  sign. 

Eastern  Declination.  Zero.  Western  Deelioatioa. 

Tears,                  1580.       1622  166C  1692.  1730.  1765         1818         185d 

Declination,   —11°  15'     —6°      0  -f6<>  -|-13»  4-20*>  -f  240  41'  +22®  W 

Rate  per  year,         7'            8'  10'  11'  ll'-5         9'             0'              6' 

Thus,  in  a  period  of  eighty  years  from  the  first  observation,  the  needle  grada* 
ally  reached  the  true  meridian,  and  then,  for  a  period  of  one  hundred  and  fifty* 
eight  years,  it  moved  Westward,  reaching  its  maximum  Westerly  deelination  in 
1818,  and  it  is  now  again  slowly  moving  Eastwards.  The  rate  of  this  move- 
ment is  not  uniform,  but  is  greater  near  the  minimum,  and  least  near  the  maxi- 
mum, point  of  declination. 

Observations  since  1700  establish  the  same  facts  in  the  United  States,  al  a 
great  number  of  places.  Thus,  at  Burlington,  Vt,  in  1790,  the  deelination  was 
-f-7°-8j  in  1830,  -|-8°-30 ;  in  1840,  -{-9°  07 ;  and,  in  1860,  -fl0<»-30.  In  Cam- 
bridge, Mass.,  in  1700,  it  was  -f  ^°'^»  '^"^  steadily  diminished  to  1790,  wh«i  it 
was  -\-(i^'9f  and  has  since  regularly  increased  to  the  present  time,  being.  In 
1855,  -f-10<>-90.  At  Hatborough,  Pa.,  in  a.  d.  1680,  the  declination  was  +8^*5; 
in  1800  it  had,  by  a  regular  rate,  decreased  to  -^1^*8,  and,  in  1860,  was  -|-6®'32. 
At  Washington,  D.  C,  it  was  -f  0*6  in  a.  d.  1800,  and  in  1860  bad  increased  to 
-f-2°-9. 

South  of  Washington,  the  declination  is  uniformly  Easterly,  ranging,  at 
Charieston,  S  C,  from  —3^-7  in  a.  d.  1770,  to  ->l°-7  in  1860.  On  the  Western 
Coast  of  North  America,  it  is  also  Easterly  ;  being,  for  example,  at  Sui  Fran- 
cisco, in  1790,  — 13°-6,  and  in  1860,  — 15*°8.  The  annual  change  (increasing  E. 
declination)  being,  in  1840,  — I'-fi  ;  in  1850,  — 1'-2  ;  and  in  1860,  — 0'-8. 

For  a  full  discussion  of  Magnetic  Declination  in  the  United  States,  the  stu- 
dent will  refer  to  the  Reports  of  the  United  States  Coast  Survey ;  and  for  an 
able  extract  of  all  the  results  of  secular  change  on  the  Atlantic,  GuU^  and  Pa- 
cific Coasts  of  the  United  States,  refer  to  a  ''  Report  by  Assistant  Charlea  A. 
Schott,"  in  Am.  Jour.  Sci.  [2]  XXIX.,  p.  335. 

The  first  attempt  to  systematize  the  variations  of  the  magnetio  needle, 
and  to  connect  by  lines,  called  isogonic  lines,  all  those  places  on  the 
earth  where  the  declination  was  similar,  was  made  by  Halley,  aboat 
1700.  He  thus  discovered  two  distinct  lines  of  no  inclination,  called 
agonic  lines,  one  of  which  ran  obliquely  over  North  America  and  acroea 
the  Atlantic  Ocean,  and  another  descended  through  the  middle  of  China 
and  across  New  Holland ;  and  he  inferred  that  these  lines  oommuni 
cated  near  both  poles  of  the  earth. 

789.  Variation  ohart. — laogonal  lines. — In  fig.  538,  is  seen  a 
projection  of  the  lines  of  equal  and  no  declination,  on  a  Mercator's 
chart  of  the  earrii,  embracing  observations  down  to  1835.    The 


eaa  Hoe  of  no  TarialioD,  or  agone,  unuHeH  the  easleia  point  df  South 
America,  in  latitude  20°  S.,  skirts  Ibe  Wluilward  AntilleB,  eDlurs  Nortb 


I 


I 


Carolina  near  Cape  Lookout,  and  pimtiiiig  through  Siaunlcm.  in  Vir 
ginta,  crosiiea  l^ke  Erie  midway  on  its  course  to  Hudson's  Biij.  The 
chief  Asiatic  agone  (for,  in  fact,  there  are  two  lines  of  oo  variation), 
after  traversing  the  Indian  Ocean  in  a  sootherlj  direction,  crosses  the 
western  part  of  New  Holland  near  120°  B.  All  the  etitire  lines  on  this 
chart  indicate  western  declinotion,  while  the  dotted  lines  mark  eastern 
declination.  According  to  the  theor;  of  Qauss,  the  eminent  Qerman 
astronomer,  no  lines  of  equal  variation  can  form  diverging  branches,  or 
be  tangents  to  each  other;  but  when  there  is  a  space  within  which 
Llie  declination  is  less  than  outside  an;  portion  of  its  limiting  line, 
that  line  must  form  a  loop,  the  J,wo  bSV 

branches  intersecting  at  right  angles. 
The  obtierved  line  of  8°  W  in  Che 
Pacific,  beautifull;  illustrates  and 
uonfirms  this  theoretical  position,  as 
eliown  on  the  chart,  fig,  538. 

Figure  539  illustrates  the  circun 
polar  relations  of  tlie  correspondin 
lines, of  equal  variation  in  the  north- 
ern hemisphere.  It  will 
that  much  the  Urger  number  of  (he 
isogonal  lines,  converge  on  the  Mcr- 
cotor's  projection  at  a  point  near 
Baffin's  Bay,  in  lat.  73°0  N„  long.  70°- 
t<»(^ward  uf  New  Holland. 


520  PHYSICS  or  imponderable  agents. 

Hollej's  original  chart  assumes  the  existence  of  two  magnetic  polei  in  eaeb 
hemisphere,  one  fixed,  and  the  other  revolving  abont  it  in  a  eertain  period. 
Hansteen,  in  1828,  in  his  well-known  chart,  accepts  the  same  view.  By  Gaaas's 
theory  of  terrestrial  magnetism,  only  one  magnetic  pole  in  each  hemisphere  is 
required,  and  thos  far  observation  has  shown  a  wonderfbl  conformity  betweeo 
the  theory  o'  Qauss  and  the  facts. 

79C.  Daily  variations  of  the  magnetio  needle. — ^Besides  the 
great  secular  moveaients  of  the  magnetio  Deedle  already  noticed  (788), 
it  is  found  to  vary  sensibly  from  day  to  day,  and  eren  with  the  different 
periods  of  the  same  day.  The  most  refined  means  have  heen  in  our 
time  applied  to  the  exact  investigation  of  this  phenomenon,  first  noticed 
by  Oraham,  a  London  optician,  in  1722.  It  has  been  shown  that  the 
north  pole  of  the  needle  begins  between  seven  and  eight  a.  m.  to  move 
westward,  and  this  movement  continues  until  one  p.  m.,  when  it  beoomes 
stationary.  Soon  after  one  o'clock  it  slowly  returns  eastward,  and  at 
about  ten  p.  m.,  the  needle  again  becomes  stationary  at  the  point  from 
which  it  started.  During  the  night,  a  small  oscillation  occurs,  the  north 
pole  moving  west  until  three  a.  m.,  and  returning  again  as  before.  The 
mean  daily  change,  as  observed  by  Capt.  Beaufoy,  is  not  quite  one 
degree.  This  daily  disturbance  of  the  magnetic  needle  is  undoubtedly 
due  to  the  action  of  the  sun,  and  it  will  therefore  vary  in  different  lati- 
tudes. In  the  Southern  hemisphere,  the  daily  oscillations  are  of  course 
reversed  in  direction  to  those  of  the  Northern  hemisphere. 

The  annaal  variation  of  the  needle  was  discovered  by  Cassini,  in  1786 
We  have,  therefore,  1st,  the  great  tecular  rariationt,  continued  through  long 
periods  of  time;  2d,  annual  variationtf  conforming  to  the  movement  of  the  sua 
in  the  solstices ;  3d,  dailjf  variationt,  conforming  nearly  to  the  periods  of  maxi- 
mum and  minimam  temperature  in  each  day,  and  lastly,  irrttfular  variatiom^f 
connected  with  the  aurora  borealis,  or  other  cosmical  phenomena,  which  Hum* 
boldt  has  called  magnetic  Btonrn. 

791.  Dip  or  inclination. — A  needle,  hung  as  in  fig.  540,  within  a 
stirrup  upon  the  points  ab,  the  whole  system  being  suspended  by  a 
thread,  will,  before  magnetizing,  if  carefully  adjusted,  stand  in  any 
position  in  which  it  may  be  placed.  If  now  the  needle  be  magnetised, 
it  forthwith  assumes  the  position  seen  in  the  figure,  its  pole  dipping 
toward  the  North  pole  of  the  earth.  In  this  latitude  (41^  18^),  the  dip 
was,  in  1848,  73°  SV'9,  Such  a  needle  is  called  a  dipping  needle,  and 
if  constructed  as  in  the  figure,  it  shows  both  the  declination  and  dy[>,  or 
inclination,  of  terrestrial  magnetism  for  any  given  locality.  As  the 
whole  system  is  free  to  move,  it  will  obviously  arrange  itself  in  the 
magnetic  meridian,  and  its  position  of  equilibrium  will  be  the  resultant 
of  the  two  forces  of  declination  and  dip.  Approaching  the  equator, 
the  dipping  needle  becomes  constantly  less  and  lees  inolined,  until  et 
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last  a  point  is  found  where  u  is  quite  horizontal,  anl  this  point  will  be 
in  the  magneiic  eqwUor;  an  imaginary  plane  near,  but  not  coincident 
with,  the  equator  of  the  earth.  540 

The  discorery  of  the  magnetic  dip  or  inclination, 
was  made  in  1576,  bj  Robert  Norman,  a  practical 
optician  of  London,  who  constructed  the  first  dipping 
needle,  by  which  he  determined  the  dip  at  London  at 
that  time  t)  be  nearly  72°.  The  magnetic  dip,  like 
the  declination,  is  subject  to  continual  and  progres- 
sive changes,  both  secular  and  periodical,  and  it  is 
at  this  moment  rapidly  decreasing.  Thus  at  London 
in  1576  it  was  71*'  50',  in  1070  it  had  become  73°  30', 
and  in  1723  it  was  74°  42',  baring  then  reached  its 
maximum.  In  1790  it  had  decreased  to  71°  3',  and 
in  1800  to  70°  35'.  Sabine,  in  1821,  fixed  it  at  70°  3', 
and  Kater,  in  1830,  at  69°  88'.  It  is  now,  in  England, 
about  68°  30',  having  decreased  in  128  years  about 
6°  12',  or  at  the  rate  of  nearly  3'  yearly,  the  mean 
annual  morement  from  1830  to  1850  being  at  the 
rate  of  more  than  4'  yearly,  while  between  1723  and 
1790  it  was  about  2  5'  yearly,  showing  an  accelerated 
and  retarded  movement  in  the  secular  changes  of  the 
dipping  needle,  or  magnetie  inclination. 

792.  The  aotion  of  the  earth's  magnet- 
ism  on  the  dipping  needle  is  neatly  illustrated 
by  the  simple  arrangement  seen  in  fig.  541,  where  the  magnetic  bar  s  n, 
is  placed  horizontally  on  the  diameter  of  a  semicircle,  representing  an 
arc  of  the  meridian,  on  which  a  small  dipping  needle  is  made  to 
(Kscupy  successively  the  position  541 

seen  at  a,  a'^,  a^^,  a 


/// 


At  a',  the  needle  is  horiiontal, 
being  at  the  magnetic  equator,  and 
equally  acted  on  by  both  poles.  In 
every  other  position,  the  influence 
of  one  pole  must  predominate,  to  a 
greater  or  less  extent,  over  the  other. 
Several  sewing-needles,  suspended 
over  a  magnetic  bar  at  equal  dis- 
tances, one  over  each  end,  one  over 
the  centre,  and  one  intermediate,  will 
illustrate  the  same  point  satisfuc- 
torily. 

793.  Dipping  needle. — The  dipping  needle  of  Biot,  shown  in  fig. 
542,  is  wholly  of  brass,  and  embraces  two  graduated  circles,  m  and  M, 
one  horisontal  and  one  vertical.  The  circle,  M,  with  its  supporting 
frame,  A,  moves  in  azimuth  over  m,  by  which  it  is  placed  in  the 
magnetic  meridian     It  is  leveled  by  the  level,  n,  adjusted  by  three 
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milled  lieuds  id  tlie  feet.     The  Deedle,  ab,  ia  guepeiiiled  on  tlM  baia, 
r.     To  fix  the  magnetic  meridian  by  thi«  inelrument.  the  nircle,  m,  » 

revitlveil  until  llie  needle,  M2 

a  b,  stands  vertictit  nnd 
[Kiinta  lo  W,  it  is  then 
in  rhe  iiiagnctit;  eqiiHror, 
a  [KMitiiin  of  uourne  ei- 
iictly  90°  from  the  iniig- 
nelic  meridiui,  which  ia 
tlion  ubtained  hy  revolv- 
ing the  Frune,  A,  90° 
baukvards.  The  angle, 
aed,  is  the  aogle  of  in- 
uhrialion  (ordip).  aud  in 
read  on  the  kru  M. 


peaaion,  ind  that  ibererura 
angle  of  incllnBtiao,  b]r  ■ 
TiTerfing  ibt  plana  at  (ba  ii 
miiiui  of  tba  two  readinga;  I! 


D  tha  D 


muititj.  The  flnt  is  oonwUKi  bjr 
a  leiolutioo  ol  130°.  aud  taking  ihs 
riTerglDg  tba  palBrily  of  lbs  D«<11a 

TDughl,  Grit  abais,  and  tbau  Won 
ths  two  nadingi  if  the  trnn  angla 


loagbl. 

794.  InoUnatlon  map,  or  laoolinal  Hubs. — Id  lig.  543,  t«  pre- 
eenred  a  Mercntor's  prvijeotinn  of  the  tine  of  no  dip,  oi  magnetic 
equntor,  and  the  puBitiun  of  the  isiiclinal  linM  of  30°.  50°,  TO',  80°,  uid 
85°  mirth,  nnd  Slf,  50°,  and  70°  south.     It  will  be  noticed  thkt  ihg 


magnetiu  ia  hclow  the  terrest 
phere,  nod  is  above  it  in  the  ei 
Thomas,  in   longitude  3°  E.,  e 

Uic  miiguptic  dip.  The  greai 
from  the  equir 


iai  equator,  in  all  the  woalern  liemt*- 
item,  criiKBing  it  near  Uie  island  of  SL 
id  again  in  the  Pauitiu  ocean.  TheM 
tary  with  Iba  pnigreatiiiB  change*  of 
it  devlination  of  the  magnetic  vqualur 
about  20°  N..  near  53°  K,  longi- 


tude, and   il«  greatest  southern  declination   is   13°,  iu  h1>uue  10°  W. 
longitude,  Dear  the  buy  uf  Bahia,  uo  the  East  cout  of  South  AueriM 


Figure  &44  shawi  the  rel:i  r : 
tlie  Diirthero  hemisphere,  to  tl. 
pole,  Dear  Baffin's  Bny.  Sir  ,liimf-< 
R<>6a.  io  1»32,  found  tlie  needle  lo 
dip  near  Prinue  RoECtil's  Inlet,  lut. 
70=  N.,  longitude  90°  N.,  within  one 
minute  of  00°. 

It  IB  Io  bo  ohserved,  that  the  linea 
of  Aquftl  magnetic  inctioatiiin  {isocli- 
nal line«),  are  found  to  approach  in 
pusition.  wilh  rerj  unnsiderable  oon- 
furmit;,  b)  the  iaolhermal  linen,  nr 
line*  of  equal  tempernturo.  Ihu*  indi- 
entiii)^  s  olose  relation  between  (he 
earth's  niH;;nel.i*m  and  the  disLrihu- 
tion  of  the  terrestrial  heat. 

Til6.  Magnetlo  latensity.— It  U  pli 
ma^etic  dei;li nation  and  dip  alreadj 
uf  iiint;netir;  fnrro  over  the 
mo*t  aolite  Hlinut  the  pule* 


,  from  the  phen 

lidered,  that  the  diHtributio 

imeqiial,  althiugh  in  general  it 

od  least  e<>  about  the  equator.    The  qne 


IT  may  the  mnjrnetic  intenaitif  at  anj  ^ven  point  iif  the 
earth  be  determined  f  This  question  it  anpwered  by  the  use  of  the 
needle  of  mr-illnlinn.  A  large  nnraber  of  facta  serve  to  show,  that  a 
freeij  suspended  needle  in  a  stc'e  of  osoillatlon,  is  influenced  bj  the 
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niagnetio  force  uf  the  earth,  in  a  way  analogous  to  that  of  a  common 
pendulum,  oscillating  by  the  influence  of  gravity ;  and  that  hence  by 
means  of  such  a  needle,  we  may  determine  the  ratio  of  the  intensity 
of  terrestrial  magnetic  force  throughout  the  whole  extent  of  the  earth's 
surface. 

This  mode  of  detormining  the  magnetic  inteDsity  in  different  regions  of  the 
earth,  was  first  suggested  by  Graham,  in  1775,  and  was  afterwards  more  fally 
perfected  and  employed  by  Coulomb,  Humboldt,  Uansteen,  and  Gauss.  Hum- 
boldt carefully  determined  the  time  of  a  given  number  of  oscillations  of  a  small 
magnetic  needle,  first  at  Paris,  and  afterward  in  Peru.  At  Paris,  the  needle 
made  two  hundred  and  forty-five  oscillations  in  ten  minates :  in  Peru,  it  made 
only  two  hundred  and  eleven  in  the  same  time.  The  relative  intensities  were 
therefore  as  the  square  of  these  two  numbers,  or  as  I  :  1'84&3,  which,  assuming 
the  point  on  the  magnetic  equator  in  Pern  as  unity,  will  give  the  magnetic 
intensity  at  Paris  as  1  3482.  This  kind  of  observation  has  since  been  extended 
to  nearly  every  known  part  of  the  globe,  and  Aill  tables  have  been  published, 
giving  the  results.  Thus  the  intensity  at  Bio  de  Janeiro  is  0*887 ;  Cape  of  Good 
Hope,  0-945;  Peru,  1-;  Naples,  1-274;  Paris,  1*348;  Berlin,  1*884;  London, 
1-360;  St.  Petersburg,  1-403;  Baffin's  Bay,  1-707. 

The  most  complete  statement  of  the  results  of  American  observations  on  the 
magnetic  elements  has  lately  been  published  by  Dr.  A.  D.  Bache,  in  Am.  Jonr. 
Soi.  [2]  XXIV.,  p.  1,  where  all  the  earlier  observations  are  oollated,  with  the 
more  extended  results  of  the  Coast  Survey,  with  maps. 

706.  Isodynamic  lines,  or  lines  of  equal  power,  are  such  as  con- 
nect places  in  which  observations  show  the  magnetic  intensity  to  be 
equal.-  These  lines  arc  not  always  parallel  to  the  isoclinal  lines* 
although  nearly  so,  and  the  points  uf  greatest  and  least  intensity  are 
not  exactly  identical  with  the  points  of  greatest  and  least  inclination. 
Hence  the  intensity  of  the  magnetic  equator  may  jiot  be  everywhere  the 
same.  These  lines  are  probably  curves  of  double  carvatare  returning 
into  themselves,  implying  the  existence  of  two  intensity  poles,  the 
western,  near  Hudson's  Bay,  in  lat.  50°  N.,  Ion.  90°  W ;  and  the  eastern 
or  Siberian  pole,  about  70°  N.,  and  Ion.  120°  £.  The  two  southern 
poles  have  been  placed,  one  to  the  south  of  New  Holland,  in  lat.  60° 
S.,  Ion.  140°  £. ;  the  other,  in  the  South  Pacific,  also  in  lat.  60°  S.,  but 
Ion.  120°  W.  These  four  poles  are  not  therefore  diametrically  opposite 
to  each  other. 

The  terrestrial  magnetic  force  increases  toward  the  south  pole,  nearly  in  the 
ratio  of  1  :  3,  and  as  both  the  maximum  and  minimum  magnetic  intensity  on 
the  globe  are  found  in  the  southern  hemisphere,  it  would  appear  that  the  ratio 
of  1  :  3  expresses  very  nearly  the  maximum  and  minimum  magnetic  force  of  the 
whole  eartb.  From  the  profuund  inquiries  of  Gauss,  it  appears  that  the  absolute 
terrestrial  magDctic  force,  considering  the  earth  as  a  magnet,  is  equal  to  six 
magaetic  steel  bars  of  a  pound  weight  each,  magnetised  to  saturation,  for  every 
cubic  yard  of  surface.  Compared  with  one  such  bar,  the  total  magneUam  of  the 
earth  is  as  8,804,000,000,000,000,000,000:  ),  a  most  inconceivable  proportion. 
(Harris.) 
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707.  Th«  IndnotlTe  power  of  the  satth'a  nmcnttUam  i»  nani- 
Tested  by  the  polnritj  developed  in  any  bar  of  »oft  iron,  or  of  Bteel, 
)i1aced  Id  an  erect  position,  aa  in  fig.  545,  or  better,  in  the  anf;Ie  of  tfaa 
dip  of  the  place.  The  end  nf  the  bar  toward  the  earth  ii  alwaya 
AuHtral,  Boreal  magnetism  eiisting  at  the  upper  end,  B,  and  a  neutral 
piint  at  the  centre,  M.  These  facts  are  demonstrated  by  the  action  of 
a  small  needle,  held  in  the  hand  at  the  three  5U 

p<«itioni,  »ho«rn  in  the  figure.     If  the  experi- 
ment were  made  in  the  southern  hemisphere, 
tlie  polarity  would  be  reversed. 
*    For  thij  nuoD,  all  masHa  of  iron  itandios  in  > 


Barlow  ronnd  tbat  globes  of  iron,  like  bomb  aholli 
a  foot  or  more  in  diameter,  become  mlnlatura  copi* 
of  Iha  earth  bj  Tirtna  of  tba  indactiTe  foroe 
upoD  them  bj  tba  eirth^i  mKgnetijm ;  bavinj 
notie  uii  Id  tba  Una  of  dip  at  Ibe  place  of  eip 

needles,  poUed  on  the  eqqatorill  line  of  luel 

on  the  iphere,  both  deolinstion  and  dip  wei 
feat. 

Barlow  (brtber  dlseoTared,   that  auch   a 
of  iron,  placed  in  a  certain  relation  (o  a 
needle  on  board  a  ship,  nnitsd,  and  harmoniied   the  local  attiulions  of  the 
ahip'i  iron,  so  as  to  free  the  compass  ^om  the  effects  of  such  dislnrkiDB  euiaei. 

798.  SyatAin  of  ■Imnltanaoiu  masnetio  obaarvatlona. — The 
distinguished  Prussian  philosopher,  Alex.  v.  Humboldt,  in  1836,  pm- 
posed  to  the  scientific  world  to  aet  un  foot  a  series  of  connected  and 
■imultaneouB  observations,  to  be  made  over  as  large  a  portion  of  the 
earth's  aurface  as  poasibla,  for  the  purpose  of  Bstablishing  the  lam 
relating  to  the  magnetio  forces. 
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isiaUlished  by  them,  that  not  only  the  greater  variations  in  the  earth's  niia^«l> 
sm,  bat  the  most  minute  and  irregular  disturbances  occur  at  the  same  ifutant 
in  places  the  most  distant  from  each  other,  showing  a  wonderful  connection  and 
coincidence  in  the  causes  of  these  phenomena  throughout  the  world. 

799.  Lines  of  magnetic  force. — The  illustrious  English  philoeo. 
pher,  Faraday,  has  demonstrated  that  all  matter  is  subject  to  magnetio 
influence. 

m 

As  the  evidence  on  which  this  important  induction  rests  is  chiefly  derived 
from  the  use  of  electro-magnetism,  its  particular  consideration  is  more  conve- 
niently referred  to  that  subject.     His  general  views,  connected  with  terrestrial 
magnetism,  may  be  thus  stated.     All  space  both  above  and  within  the  limit*  of 
our  atmosphere  may  be  regarded  as  traversed  by  line*  of  forct^  among  whiclf 
are  the  lines  of  magnetic  force.     The  condition  of  the   spaoe  surrounding  a 
magnet,  or  between  its  poles  (777),  may  be  taken  as  an  illustration  of  thia 
assumption.     It  is   not  more  difficult  to   conceive  of  force  existing  without 
matter,  than  the  converse,  and  it  is  certain  that  we  know  matter  chiefly  by  the 
effects  it  produces  on  certain  forces  in  nature.     The  lines  of  magnetio  force  era 
assumed  to  traverse  void  space  without  change,  but  when  they  come  in  contact 
with  matter  of  any  kind,  they  are  either  concentrated  upon  it,  or  dispersed, 
according  to  the  nature  of  the  matter.     Thus  we  know  that  a  suspended  needle 
is  attracted  cucially  by  a  magnet,  while  a  bar  of  bismuth,  and  many  other  solid, 
liquid,  or  gaseous  bodies,  similarly  placed  between  the  poles  of  a  ms^net,  are 
held  in  a  place  at  right  angles  to  the  axis,  or  e<fitatorially.   Hence  all  substancea 
may  bo  classified  either  as  those  which,  like  iron,  point  axially,  and  are  called 
Paramagnetic   substances,  and  those  which  point  equatorially,  and   termed 
DiAMAONBTic.     The  force  which  urges  bodies  to  the  axial  or  equatorial  lines  is 
not  a  central  force,  but  a  force  differing  in  character  in  the  axial  or  radial  direc- 
tions.    If  a  liquid  paramagnetic  body  were  introduced  into  the  field  of  force,  it 
would  dilate  axially,  and  form  a  prolate  spheroid ;  while  a  liquid  diamaguetie 
body  would  dilate  equatorially,  and  form  an  oblate  546 

spheroid. 

The  diagram,  fig.  546,  will  serve  to  render  more 
clear  the  action  of  diamagnetic  and  paramagnetic 
substances,  upon  the  lines  of  magnetic  force.  Thus 
a  diamagnetic  substanec,  D,  expands  the  lines  of' 
force,  and  causes  them  to  open  outwards,  while  a  paramagnetic  body,  P,  con- 
centrates these  lines  upon  itself.  Bodies  of  the  first  class  swing  into  the  equator 
of  force,  or  lie  at  right  angles  to  the  lines  of  force,  while  those  of  the  paramag- 
netic class  become  axially  arranged,  parallel  to  the  lines  of  force.- 

800.  Atmospheric  magnetism. — The  discovery,  by  Faraday,  of  the 
highly  paramagnetic  character  of  oxygen  gas,  and  of  the  neutral  cha- 
racter of  nitrugcn,  the  two  chief  constituents  of  the  atmosphere,  is 
justly  esteemed  a  fact  of  great  impiTtance  in  studying  the  phenomeDa 
of  terrestrial  magnetism.  We  thus  see  two-ninths  of  the  atmosphere, 
by  weight,  consisting  of  a  snbstance  of  eminent  magnetic  '^pacitj, 
p.fter  the  manner  of  iron,  and  liable  to  great  physical  changes  of  den- 
sity, temperature,  &c.,  and  entirely  independent  of  the  solid  earth.  In 
tiiis  medium  hang  suspended  the  magnetic  bars,  which  are  used  as 
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tests,  and  this  magnetio  medium  is  daily  heated  and  cooled  hj  the  sun's 
rays,  and  its  power  of  transmitting  the  lines  of  magnetio  force  is  thus 
a£fected,  influencing,  undoubtedly,  those  diurnal  changes  already  con- 
sidered. 

HOI.  Notiona  of  the  origin  of  the  earth's  magnetiam. — Two 
hypotheses  have  hitherto  divided  the  opinions  of  philosophers  in  ex- 
plaining the  phenomena  of  terrestrial  magnetism. 

The  older  of  these  views  (Hansteen's)  Msamei  the  existence  of  an  indepen- 
dent  magDetism  in  the  earth,  with  its  focus,  or  seat,  near  the  earth's  centre. 
This  internal  power  maiRfests  itself  chiefly  at  foar  points  near  the  surface,  two 
of  which,  at  the  opposite  ends  of  the  supposed  magnetic  axis,  are  the  most  ener- 
getic, and  are  known  as  the  magnetic  poles.  The  minor  poles  have  their  own 
independent  axis,  and  move  around  the  principal  axis  from  west  to  east  in  the 
western  hemisphere,  and  the  reverse  in  the  southern,  giving  origin  to  the  well- 
known  phenomena  of  the  secular  variation  of  the  needle.  However  well  this 
hypothesis  met  the  facts  of  terrestrial  magnetism  some  years  since,  the  rapid 
progress  of  our  knowledge  of  magnetic  phenomena,  both  terrestrial  and  general, 
within  a  short  period,  has  materiab  changed  scientific  opinion.  The  diurnal 
and  irregular  variations  in  the  magnetic  forces,  cannot  be  explained  upon  Ilan- 
steen's  hypothesis,  and  especially  the  simultaneous  occurrence  of  these  disturb- 
ances at  different  points  of  observation.  Nearly  all  bodies  are  now  known  to  be 
susceptible  to  magnetio  influence,  while  the  maximum  and  minimum  magnetic 
intensity  are  found  In  those  re^^ons  of  the  globe  where  the  minimum  and  maxi- 
mum of  superficial  heat  exist. 

It  is  hence  now  argued,  that  the  crust,  or  surface,  and  not  the  interior  of  the 
earth,  is  the  seat  of  the  magnetic 'force.  That  this  force  is  manifested  with  least 
energy  at  the  equator  of  magnetism,  and  with  increasing  power  toward  the 
poles,  where,  as  in  an  artificial  magnet,  it  attains  its  maximum  development, 
because  there  we  find  the  most  perfect  separation  of  the  magnetic  fluids  :  that 
the  coercitive  force  (786)  of  the  materials  of  the  earth's  surface  is  resolved  by 
the  solar  heat,  and  that  the  depth  to  which  this  separation  occurs  is  closely  con- 
nected with  the  mean  heat  of  the  earth's  crust,  if  not  absolutely  dependent  upon 
it  Axes  and  poles  have,  therefore,  in  view  of  this  hypothesis,  no  existence  in 
fact,  but  are  merely  convenient  mathematical  terms  for  expressing  our  ideas  of 
magnetio  phenomena  more  closely,  just  .as  in  crystallography  we  employ  the 
same  terms  for  the  same  reasons. 

In  conformity  to  this  view,  the  manifestation  of  the  magnetic  forces  will  vary 
with  all  the  diurnal  changes  of  temperature,  giving  the  relation  of  cause  and 
effect  between  these  changes,  apd  the  magnetic  perturbations.  The  annual  fluc- 
tuations in  the  mean  temperature  of  the  earth's  surface  will,  therefore,  be  repro- 
duced in  corresponding  movements  in  magnetic  declination  and  dip.  Hence, 
the  magnetic  meridian,  and  the  system  of  isoclinal  and  isogenic  curves  ought  to 
correspond  closely,  as  they  do  with  isothermal  linos,  and  the  peculiar  distribu- 
tion of  temperature  in  both  hemispheres  Indeed,  we  may  assume,  should  this 
hypothesis  prevail,  that  the  differences  now  noticed  between  the  isothcrmes  and 
isogones  (due,  probably,  to  imperfect  observations;,  will  vanish  under  new  and 
more  extended  researches. 

IV.    PRODUCTION  OF  MAGNETS. 

802.  Artificial  magneta  are  produced  (1.)  by  touch,  or  friction  from 
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nnatlier  mngnet;  (2.)  bj  induction;  (3.)  b;  eleelrical  cnrreotB  ;  • 
(4.)  bj  the  8ular  nyt. 

Tlie  luelhod  by  kiiich  is  Hccomplislied  b;  very  variooB  modes  of  n 
nipuiaiiuD.  of  wbiuli  vu  stiiiU  dcftcrilxi  <it\]j  one  or  (wo,  referring  the 
ri^nder  to  larger  treatisea  un  lungnetiBm  fur  I'uUer  details.     Since  iIia 
iutroductiuD  uf  Uie  method  by  electro-mngDetiam,  the  old  niplbuis  of 
pmduoing  magnets  by  touch  are  far  less  iinpiirliint  than  formorlj. 

The  olronniBtaacDB  aSeotins  the  volae  of  magnets,  are  uhieflj 
the  nuliire  nnd  hnrduesa  of  the  slccl,  the  fnrni  iind  pruportioi 
pnrt«,  uiid  the  mude  of  keeping.  The  luiint  unifurni  niid  fine-^ruincJ 
latst-Blool.  wnjught  with  as  little  dis- 
turhanue  of  iti  [uirtiules  aaposBiblu. 
forms  the  best  magnets. 
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Pi)3.  Uagueta  by  tonoh. — Touch  one  pule  uf  a  [mwerfu)  niagaW 

with  line  end  of  a  ac wing-needle,  or  the  point  of  ii  pen-knife,  and  it 
lipiNimco  instantly  a  magnel.  utlrnuling  Iron  filings,  and  re^i'illing  or 
Bttrncling  the  magnetic  needle.     The  coercitive  fin^e  has,  in  th: 
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been  decomposed  by  simple  touch.  If  the  magnet  is  very  powerful,  a 
near  approach  of  the  needle  to  it  without  contact  will  develop  a  feeble 
magnetism  by  induction. 

More  powerful  magnetism  is,  howerer,  developed  by  drawing  the  bar  to  be 
magnetised,  from  its  centre  to  the  end,  several  times  over  one  pole  of  a  magnet, 
retarning  it  each  time  through  the  air,  and  repeating  the  stroke  in  the  same 
direction.  Then  place  the  other  pole  in  the  middle  of  the  bar,  and  stroke  the 
opposite  end  as  before. 

Two  magnets  may  be  placed  together,  with  their  dissimilar  poles  in  the  middle 
of  the  bar,  as  in  fig.  549,  and  then  be  moved  in  opposite  directions,  at  a  low 

549 


550 


angle,  to  the  extremities  of  the  bar.  The  impregnation  of  the  bar  will  be 
more  powerful  and  speedy  if  it  rests  by  its  ends  on  the  two  opposite  ends  of  two 
other  magnets,  as  practiced  by  Coulomb.  By  inspecting  the  letters  in  fig.  549, 
this  arrangement  will  be  quite  clear.  Care  is  taken  to  prevent  the  ends  of  the 
two  inclined  bars  from  touching,  by  placing  a  bit  of  dry  wood  between  them. 
This  is  called  nngU  toncA,  and  is  to  be  explained  in  accordance  with  |  786. 

To  mi^netize  a  bar  by  means  of  the  double  touehf  two  bars,  or  horse-shoe 
magnets  are  fastened  together,  with  a  wedge  of  dry  wood  between  them,  so  that 
their  dissimilar  poles  may  be  about  a  quarter  of  an  inch  asunder ;  or  a  horse- 
shoe magnet  may  be  used  if  its  poles  are  quite  near  together.  The  magnet,  in 
this  mode,  is  placed  upright,  on  the  middle  of  the  bar,  and  is  then  rapidly  drawn 
towards  its  end,  taking  care  that  neither  of  its  poles  glides  over  the  end  of  the 
bar.  The  magnet  is  then  passed  over  the  opposite  end 
of  the  bar  as  before.  The  poles  will  be  dissimilar  to 
those  of  the  touching  magnet. 

804.  Hoxse-shoa  magnets  are  easily  mag- 
netised by  connecting  the  open  ends  by  a  soft  iron 
keeper,  while  another  horse-shoe  magnet  of  the 
same  sise  is  passed  from  the  poles  to  the  bend,  in 
the  direotioo  of  the  arrow  in  fig.  550 ;  the  poles 
being  arranged  as  indicated  by  the  figure. 

The  easiest  mode  of  obtaining  a  maximum  magnetic  effect  in  a  bar,  by  touch, 
is  that  of  Jaeobi,  vis. :  to  rest  its  ends 
against  the  poles  of  another  magnet, 
and  then  to  draw  a  piece  of  soft  iron, 
called  a  feeder,  fVom  it  several  times 
along  the  bar.  '  This  mode  is  applied  to 
horse-shoe  magnets,  as  seen  in  fig.  551. 


551 


The  dissimilar  'poles  are  placed  together,  and  the  feeder  is  drawn  over  the 
borre-shoe,  in  the  direction  of  the  arrow ;  when  it  reaches  the  curve,  it  is  to  be 
47* 
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805.  MagDBta  b7  «lBotio- magnetism. — The  oiode  uf  produuJD); 
nlectru-magnetlu  currents  will  Iw  hereafter  described.    By  tlieir  nicKns, 
}iuwerful  ningnels  of  wift  iron  are  CEiailj  produced,  and,  ftum  th^He.  I 
llie  mellioda  uf  [ouab  juat  described,  very  powerful  anificiaJ  mogiieta 
ma  J  be  aiade. 
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806.  Compound  magaet*  are  mads  of  several  plates  uf  steel,  sop»- 
rnloly  magneiizeiJ,  as  in  fig,  523  and  5-19.  Afl  the  ooercltiia  power  of  sleul 
uppearB  to  be  overcoroe,  ehieflj,  od  its  surfaces, 
there  is  nn  tulvaotnge  in  multiplying  the  number 
of  plates,  but  as  each  plate  serves  to  oeutraliia  a 
portion  of  the  polarity  of  its  neighbor  (similar 
poles,  of  neoessity,  being  brought  iuto  oontaot),  g 
there  is  soon  found  a  limit  beyond  which  there  ii 
DO  advantage  in  extending  these  batteries. 

Large  raagneti  an  doI  bb  powerful,  ia  propnrtioD  la 
tbeit  weight,  as  Bmall  onea.  Bir  laaK  Newton  ia  laid 
to  bavo  worn  in  bii  flnger-ring  a  niagnDl  llodnstone) 
weighing  throo  graiin,  and  r»pablo  of  smUining  over 
2b0  timei  iU  own  weight  [TSD  graiual.  A  lodseWne 
af  three  or  four  paundt  Hsigbt.  inuunl^d  u  in  fig.  b3i. 
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of  240  powcrfal  bar  magnets  five  feet  in  length,  mounted  on  n  heels ;  between 
the  end  plates  of  this  combination,  the  poles  of  the  most  energetic  single  magnet 
wore  reversed  or  powerfully  reinforced. 

807.  Magnetism  of  steel  by  the  san's  rays. — Although  the  fact 
is  doubted  by  souie  experimenters,  the  weiglit  of  testimony  appears  t4) 
support  the  conclusion,  that  the  sun's  violet  rays  possess  the  power  of 
inducing  permanent  magnetism,  when  concentrated  by  a  lens,  on  steel 
needles. 

808.  To  deprive  a  magnet  of  its  pow^er,  it  is  only  necessary  to 
reverse  the  order  adopted  to  impart  magnetism  to  it,  stroking  it  from 
the  ends  to  the  centre  with  poles  of  the  same  name  opposed.  In  this 
way  the  magnetic  virtue  may  be  wholly  or  very  nearly  destroyed. 

The  approach  of  a  feeble  magnet  to  a  strong  one  may  reverse  its  polarity. 
Leaving  a  magnet  without  its  keeper  greatly  impairs  its  power.  Suddenly  jerking 
it  off  the  keeper,  or  striking  it  with  a  hammer,  in  a  way  to  make  it  vibrate,  does 
the  same.  Heat  accomplishes  the  total  destruction  of  magnetism,  and  in  short, 
anything  which  weakens  its  coercitive  power.  Conversely,  hanging  an  armed 
magnet  in  the  position  it  would  assume  if  free  to  obey  the  solicitation  of  the 
forces  of  terrestrial  magnetism,  is  the  best  position  to  favor  its  greatest  develop- 
ment Every  magnet  which  has  been  charged  while  its  poles  are  connected  by 
a  keeper,  possesses  more  power  before  the  keeper  is  removed  than  after.  It  is 
indeed  overcharged,  and  the  excess  may  be  likened  to  that  residual  force  which 
retains  the  keeper  of  an  electro-magnet  in  its  place  after  the  circuit  which  excited 
it  is  broken,  or  to  the  residual  charge  of  a  Leyden  jar.  Every  time  the  keeper 
of  a  magnet  is  moved  suddenly,  a  loss  of  power  is  sustained,  and  hence  the 
keeper  should  be  removed  by  sliding  it  gradually  off  endways,  and  only  when 
it  is  required  for  the  performance  of  an  experiment. 

i  2.  Statical  or  Frictional  Electricity. 

I.    ELECTRICAL  PHENOMENA. 

809.  Definitions. — Electricity  is  the  ethereal  or  imponderable  power 
which  in  one  or  another  of  its  forms  affects  all  our  senses.  In  this 
respect  it  is  unlike  all  other  ethereal  influences.  It  appears,  as  far  as 
our  knowledge  goes,  to  extend  throughout  nature,  and  is  probably  cou- 
oected  inseparably  with  matter  in  every  form.  Bodies  in  their  natural 
state  give  no  evidence  of  its  presence,  but  by  different  means  it  may 
be  eTuked  from  all.  Hence  statical  electricity  implies  that  condition  of 
this  subtle  ether  existing  in  all  bodies  in  a  state  of  electrical  quiescence. 
Statical  electricity  is  the  opposite  of  that  state  of  excitement  following 
friction,  chemical  action,  &c.,  which  is  called  dynamic  eleclricity^  or 
electricity  in  motion. 

An  arbitrary  meaning  has,  however,  attached  itself  to  the  terms 
statical  and  dynamical  electricity,  materially  different  from  the  exact 
meaning  of  those  terms  as  used  in  mechanics.  Statical  or  frictional 
electricity  means  only  that  form  of  electrical  excitement  produced  by 
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friction,  while  dynamical  electricity  is  a  term  confined  to  the  elecirtoal 
excitement  produced  by  chemical  action,  or  voltaic  electricity.  Strictly 
speaking,  all  quiescent  electricity  is  staiic^  and  all  electricity  in  motion, 
from  whatever  source,  is  dynamic.  Such,  however,  is  not  the  established 
use  of  these  terms. 

Electricity  is  a  term  derived  from  the  Greek  word  for  amber  (i^XtxTpov). 

The  ftocients  knew  this  resiD  to  be  capable  of  what  we  now  call  electrical 
oxoitement,  when  it  was  rubbed. 

810.  The  chief  soiiroeB  of  electrical  excitement  are: — let, 
Frictuyn  of  dry  substances,  as  of  glass,  by  cat's  fur  or  silk,  and  of 
sulphur  or  resin  by  flannel :  this  is  ordinary  or  statical  electricity ;  that 
of  the  atmosphere  and  of  sommon  electrical  machines ;  2d,  Chemical 
aelion,  or  the  contact  of  dissimilar  substances,  under  circumstances 
favorable  to  chemical  change ;  3d,  Magnetism,  producing  magneto- 
electricity ;  4th,  He<U^  or  thermo-electricity;  5th,  Animal-electricity. 

The  electricity  from  all  these  several  modes  of  excitement  differs  in  degree 
and  intensity,  according  to  its  source,  but  not  in  kind,  and  each  may,  in  Uim, 
be  cause  or  effect     Each  will  be  the  subject  of  separate  consideration. 

811.  Electrical  effects. — A  dry  and  warm  glass  rod,  rubbed  with 
a  oat's  fur  or  silk  handkerchief,  is  excited  in  such  a  manner  as  to 
attract  to  itself  bits  of  paper,  «hreds  of  silk  or  cotton,  metallic  leaf, 
pith,  feathers,  and  a  variety  of  light  substances,  holding  them  for  an 
instant,  and  then  repelling  them  again,  to  the  table  or  support,  as  in 
fig.  654.  564 

In  the  dark,  a  feeble  bluish  light  is  seen  in  the  path 
of  the  rubber.  If  the  excited  glass  is  presented  to  the 
knuckle,  or  to  a  metallic  body,  a  bright  purple  spark 
will  dart  off  from  the  glass,  with  crackling  sound,  to 
the  object  presented.  Brought  near  to  the  face,  a  creeping  sensation 
is  felt,  as  if  a  delicate  cobweb  was  in  contact  with  the  skin.  These 
effects  are  produced  by  the  rubber,  as  well  as  by  the  body  rubbed,  and 
may  be  evolved  from  a  number  of  substances  as  well  as  from  glass.  A 
peculiar  odor  always  accompanies  electrical  excitement,  thus  completing 
the  list  of  the  effects  of  this  subtle  agent  on  our  senses,  if  we  add  the 
taste  from  voltaic  electricity. 

Bodies  thus  excited  are  said  to  be  electrized;  a  condition  which  is  only 
transient. 

These  very  simple  experiments,  which  can  be  repeated  anywhere  and  with  the 
simplest  means,  contain  the  germ  of  electrical  science. 

812.  Attraction  and  repulsion. — In  the  electrical  pendulum,  fig. 
555,  the  pith-ball  is  first  attracted  to  the  excited  glass  or  resin,  and  at 
ihe  next  instant  is  repelled,  until,  by  touching  some  body  in  oonneotkm 
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limilarity  be-      /    \    \ 
B  actions  and  rj     1 1       '( 


with  the  earth,  or  in  some  other  way,  it  ha8  parted  with  its  exoitenieut 
The  two  balls  in  fij^.  5oO,  when  thus  ^55 

excited,  iiiutiially  repel  each  (rthor, 
because  they  are  similarly  excited. 
The  light  bodies  in  fig.  554,  oscillate 
between  the  table  and  the  rod,  first 
by  attraction,  and  then  by  repul- 
sion ;  when,  losing  their  excitement 
by  contact  with  the  table,  they  are 
again  attracted,  and  so  555 

on.   So  with  the  balls  in 
fig.  556.     We  recognise 
in  these  simple  experi- 
ments the  simi 
tween  these 

the    law    of    magnetic 
attractions  and  repulsions.   Bodies  similarly  excited  repef,  and  those  whirk 
are  of  unlike  ezciiemeiU  attract  each  otlier. 

The  phenomena  of  attraction  and  repulsion  arc  not  however  so  simple  an 
might  at  first  appear,  since  for  their  correct  explanation  a  knowledge  of  the 
phenomena  of  induction  is  required,  and  these  remain  to  be  explained  further  on. 

813.  Vitreous  and  resinous,  or  positive  and  negative  electri- 
cities.— The  species  of  electrical  excitement  depends  upon  the  kind 
of  material  which  is  subjected  to  friction.  If  the  pith-balls,  fig.  556, 
are  repelled  by  the  excitement  from  glass  rubbed  by  silk,  they  will  be 
attracted  by  a  stick  of  wax,  gum  lac,  or  sulphur  rubbed  by  flannel ;  or 
tice  versa. 

This  difference  of  action  is  due  to  an  inherent  difference  in  the  two 
substances,  and  the  kind  of  electrical  excitement  which  the  two  respec- 
tively pnxluce,  is  entirely  opposite'  and  antagonistic  each  to  the  other. 
The  one  is  vitreous  or  positive,  the  other  resinous  or  negative.  This 
fundamental  distinction  in  the  kind  of  excitement  produced  by  friction 
10  various  substances,  was  first  recognised  by  the  French  philosopher, 
Du  Fay,  in  1733,  and  was  re-discovered  by  Franklin  in  1747.  Glass 
and  resin  are  but  types  of  two  large  classes  of  substances,  which  pos* 
aess  more  or  less  perfectly  this  characteristic  difference  in  respect  to  the 
sort  of  electricity  which  they  are  capable  of  developing. 

Electroscopes  serve  to  distinguish  the  two  sorts  of  electrical  excite- 
ment from  each  other.  The  pith-balls,  fig.  556,  form  a  convenient 
electroscope — two  silk  ribbons,  or  the  electrical  pendulum,  fig.  555, 
answer  the  same  purpose.  Much  more  delicate  instruments  of  this 
kind  will  be  described  shortly. 
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It  is  only  roqiiisito  to  oxcite  tho  balls,  fig.  556,  wit4j  known  ▼itroous  or  reainooa 
eloctricHy,  when  tho  approach  of  any  excited  body  who90  electrical  state  is  no- 
known,  will,  if  of  the  same  kind,  cause  a  farther  repulsion,  and  if  of  a  difiereni 
sort,  will  occasion  an  attraction  of  the  balls. 

814.  Condactors  of  electricity. — BodieB  electrically  excited  part 
with  their  excitemeDt  variously, — some  instantly,  others  very  slowly, — 
depending  both  on  the  nature  of  the  substance  excited,  and  of  those 
with  which  it  is  brought  in  contact.  The  pith-balls  of  the  electroscope 
lose  their  excitement  very  slowly,  the  electricity  being  removed  only 
by  tho  surrounding  air.  Touched  by  the  finger,  or  a  metallic  body  in 
connection  with  the  earth,  they  are  instantly  discharged,  and  return  to 
their  natural  unexcited  condition.  The  electricity  is  removed  by  coit- 
duciion  over  the  touching  body.  And  as  bodies  vary  very  much  in 
their  power  to  conduct  electricity,  they  are  called  good  and  bad  condmC' 
tars,  or  conductors  and  non-conductors. 

Gk>od  condactom  propagate  the  excitement  to  all  parte  of  their 
surface,  and  when  in  connection  with  the  earth,  part  with  it  as  quickly 
as  they  receive  it. 

The  following  are  among  the  good  conducting  bodies,  placed  in  the 
order  of  their  conducting  power.  The  metals,  as  a  class  (silver  and 
copper  standing  first,  and  lead  and  quicksilver  last),  well-burnt  char- 
coal, plumbago,  coke,  hard  anthracite,  acids,  saline  solutions,  numerous 
fluids,  metallic  ores,  sea,  npring,  and  rain  water,  ice  above  13^  F., 
snow,  living  things,  flame,  smoke,  vacuum,  vapor  of  alcohol  and  ether, 
earths  and  moist  rocks,  powdered  glass,  and  flowers  of  sulphar. 

Bad  condactom  receive  and  part  with  electricity  very  slowly.  If 
touched  by  an  electrified  body,  they  receive  excitement  only  at  the 
point  touched ;  or  if,  when  excited  over  their  whole  surface,  they  are 
touched  by  a  good  conductor,  the  excitement  is  removed  only  from  the 
part  touched.  They  retain  free  electricity  for  a  long  time,  and  obstruct 
its  motion. 

Insulatioii. — Good  conductors  are  capable  of  manifesting  electrical 
axcitement  only  when  their  communication  with  the  earth  is  cut  off  by 
some  bad  conductor.    So  situated,  they  are  said  to  be  insukUed^  and  the 
poor  conductors  used  for  this  pur- 
pose (glass,  resin,  or  dry  wood),  are 
called  insulators.     Fig.  557  shows 
a  brass  tube  thus  insulated  by  a 

handle  of  glass.  Among  the  chief  insulating  bodies  are  the  following, 
olaced  in  the  reverse  order  of  their  insulating  power,  viz. :  dry  metallic 
oxyds,  oils,  ashes  ice  below  13°  F.,  many  crystalline  bodies,  lime  and 
chalk,  lycopodium,  native  caoutchouc,  camphor,  porcelain,  dry  vegeU^ 
bles,  baked  wood,  dry  air,  and  gases,  steam  above  212°,  leathe**,  par<)lh 
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luimty  paper,  hair,  dyed  silk,  white  bilk,  diamond  and  precious  stones, 

mica,  glass,  jet,  wax,  sulphur,  the  resins,  amber,  gum  lac.    Gutta  per- 

cha,  and  whalebone  rubber,  are  among  the  best  insulators  known  ; 

probably  better  than  gum  lac. 

Some  bodies  which,  when  solid,  are  non-conductors,  become  condactors  when 
liqaofied  by  fusion,  viz. :  metallic  chlorids,  glass,  wax,  sulphur,  resin,  Ac.  Ileal 
diminishes  the  electric  conducting  power  of  metals.  Length  of  conductor 
retards  electrical  motion,  while  an  increase  in  other  dimensions  favors  the 
rapid  transmission  of  electricity.  Every  body  has  a  certain  electrical  retardiny 
p*noer  (818),  which  is  inverse  to  its  conducting  power.  Tables  of  electrical 
conducting  powers  will  be  found  in  larger  works  ;  but,  in  general,  this  power  is 
very  nearly  the  same  as  any  given  body  has  for  conducting  heat. 

815.  The  earth  is  the  great  common  reservoir  or  receptacle  into 
which  all  electrical  excitements  are  returned,  and,  regarded  as  u  whole, 
is  a  good  conductor.  The  air,  even  in  its  ordinary  condition,  is  a  very 
poor  conductor,  and,  in  view  of  its  immense  extent,  is  by  far  the  most 
important  of  non-conductors.  It  serves  to  insulate  the  earth  in  a  non- 
conducting envelope,  more  or  less  perfect,  in  proportion  to  its  dennity, 
and  the  absence  of  aqueous  vapor.  £xcept  for  this  property  of  the  air, 
all  electrical  phenomena  would  have  remained  invisible  and  unknown 
to  us.     The  earth  is  always  negatively  excited. 

In  a  vacuum,  all  electrified  bodies  speedily  lose  their  excitement, 
while  in  dry,  den^e  air,  they  retain  it  longest.  Nevertheless,  slight 
electrical  excitement  can  be  produced  in  a  vacuum  by  friction. 

816.  Theories  of  electricity,  or  electrical  hypotheses. — Philo- 
pher»  generally  agree  in  attributing  the  phenomena  of  electricity  to 
the  existence  of  an  assumed  electrical  fluid.  This  supposed  fluid  is  so 
subtle  and  ethereal  as  to  escape  detection  by  all  the  means  used  to  re- 
cognise matter,  being  imponderable,  and  manifesting  itself  only  by  its 
effects.  It  is  assumed  to  pervade  all  nature,  and  to  exist  in  a  state  of 
combination  or  electrical  quiescence  in  all  bodies  in  their  natural  state. 
This  quiescence  is  disturbed  by  friction,  and  various  physical  and 
chemical  causes.  All  electrical  phenomena  are  supposed  to  be  due  to 
the  efforts  of  the  electrical  fluid  to  regain  its  previous  condition  of 
static  equilibrium.  Two  principal  hypotheses  have  been  devised  to 
explain  the  phenomena  of  electricity,  namely :  1st,  that  of  Franklin 
and  iEpinus  ;  2dMhat  of  Symmer,  sometimes  attributed  to  Du  Fay. 

Franklin^s  single-fluid  hypothesis  is  recommended  by  its  sim- 
plicity, and  was,  for  a  long  time,  the  view  generally  adopted,  both  in 
England  and  America.  It  assumes  a  single  electrical  fluid,  whose  par- 
ticles are  self-repellent,  but  attracted  by  matter  of  all  kinds,  combining 
therewith,  and  when  so  combined,  losing  this  self-repellent  tendency. 
This  fluid  is  present  in  all  bodies,  but  in  varying  proportion,  each  sub- 
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tftance  possessing  a  certain  capacity  of  saturation  peculiar  to  itselC 
III  its  natural  state,  every  substance  has  exactly  its  own  quantity  of  the 
*  electric  fluid,  and  is  conse<|uently  in  a  state  of  electrical  indifferenca. 
If  any  cause  of  electrical  excitement  existn,  this  state  of  quiescence  in 
disturbed,  and  the  body  l>ecomes  negatitdy  electrical,  if  its  natural 
charge  is  diminished,  and  pmiively,  if  it  is  in  excess.  By  thi^  hypoth 
esis,  bodies  become  electrical  either  by  addition  to,  subtraction  -from, 
or  disturbance  in  the  equal  distribution  of,  the  normal  quantity  of  the 
electric  fluid  proper  to  them.  In  those  bodies  which  manifest  poeitiire 
electricity,  the  equilibrium  is  restored  by  parting  with  the  excess,  and 
in  those  whose  excitement  is  negative,  by  receiving  from  surrounding 
bodies  enough  to  satisfy  their  deficiency. 

This  hypothesis  will  be  recognised  as  strikingly  like  that  commonly  reoeired 
in  explanation  of  the  equilibrium  of  heat. 

iEpinus  found,  that,  in  order  to  account  mathematically  for  the  mutaal  repul- 
sion of  two  negatively  electrified  bodies  on  the  single-fluid  hypothesis,  it  was 
necessary  to  assume  that  the  particles  of  matter  were  mutually  repulsive  instead 
of  attractive,  according  to  the  Newtonian  law  of  universal  attraction.  This 
reductio  ad  abmrdem  has  led  to  the  almost  universal  rejection  of  the  Franklm* 
ian  hypothesis. 

The  hypothesis  of  Symmer,  or  Da  Fay,  assumes  the  existence 
of  two  fluids,  extremely  tenuous,  imponderable,  in  the  highest  degree 
expansive,  mutually  repellent  (as  a  consequence  of  this  expansive 
nature),  and  yet  possessing  a  strong  mutual  attraction  when  not  opposed 
by  any  obstacle.  They  therefore  combine,  when  favorably  situated  so 
to  do  ;  and  when  equally  combined,  their  expansive  and  repellent  fercea 
are  neutralized,  and  electrical  quiescence  results.  Eacli  of  these  kinds 
of  electricity  may  exist  separately ;  they  are  then  in  a  state  of  antago- 
nism, and  exhibit  polarity,  and  other  electrical  effects.  Every  sub- 
stance becomes  thus  excited  whenever  any  part  of  its  natural  electricity 
is  decomposed  by  friction  or  otherwise.  If  a  plate,  it  may  possess  the 
two  electricities  on  its  opposite  sides,  one  being  vitreous,  and  the  other 
resinous ;  if  a  rod,  the  decomposition  of  a  part  of  its  natural  electricity 
will  make  the  rod  vitreous  at  one  end  and  resinous  at  the  other.  When 
the  cause  of  excitement  ceases,  the  two  fluids  reunite,  and  quiescence  is 
restored.  By  this  hypothesis,  all  electrical  phenomena  arise  from  the 
tendency  of  the  two  fluids  when  separated  to  reunile  and  neutraliie 
each  other. 

Either  of  those  two  views  is  capable  of  explaining  most  eleotricid  phenomena, 
but  the  weight  of  scientific  opinion  is  now  in  favor  of  the  last.  NeiUier  view 
can  be  tictually  true,  since  the  lormjfufd  is  only  a  convenient  expression  for  an 
unknown  cause,  nnd  there  is  no  reason  why  we  should  assume  the  existence  of 
a  separate  fluid  or  ether,  as  a  medium  for  light,  heat,  or  magnetic  oloctricily, 
when  it  is  more  in  accordance  with  a  sound  philosophy  to  assume  that  theee 
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■eparate  mftuifestations  are  but  fanctions  of  the  ethereal  mediam  which  fills  the 
DDiTerse,  and  from  whore  eorn^lationg  to  the  particles  of  matter,  all  physical 
phenomena  proceed.     Compare  ^^  765-772. 

817.  Bleotrioal  tenaion. — This  term  is  employed  to  express  that 
condition  of  bodies  in  which  the  electricity  is  free — a  condition  the 
reverse  of  electrical  quiescence.  This  condition  is  well  illustrated  in 
the  phenomena  of  the  Leyden  jar,  {  847,  where  there  is  perfect  equi-. 
librium  between  the  excitement  of  the  outer  and  inner  surfaces,  due  V) 
their  antagonism.  The  energy  with  which  the  decomposed  electricities 
reunite,  when  communication  is  made  between  them,  shows  the  state 
of  tension  in  which  they  existed.  This  may  be  regarded  as  analogous 
to  the  tension  of  a  bent  spring,  in  which  equilibrium  is  regained  by  a 
reaction  equal  to  the  compressing  force.  Electrical  tension  is  a  condi- 
tion of  constrained  equilibrium,  and  when  the  free  electricities  to  which 
it  is  due,  reunite,  an  electrical  current  is  produced  from  the  reaction  of 
the  opposing  fluids,  analogous  to  mechanical  motion  from  the  recoil  of 
a  spring.  From  this  state  of  electrical  tension  are  derived  the  primary 
effects  of  electricity,  and  from  electrical  currents  arise  its  secondary 
effects.  All  electrified  bodies  manifest  electrical  tension ;  they  attract 
other  bodies,  decomposing  their  natural  electricity,  deriving  from  them 
a  portion  of  the  opposite  fluid.  If  this  is  insufficient  to  satisfy  the 
antagonism  of  the  excited  electric,  the  attracted  bodies  are  next  re- 
pelled (812).  Hence,  two  bodies  equally  excited,  but  of  opposite  names, 
attract  each  other,  and  reunion  of  the  two  fluids  with  electrical  indiffer- 
ence results.  If  one  contained  an  excess  of  either  fluid,  both  remain 
excited  after  contact,  with  that  description  of  electricity  which  was  in 
excess ;  the  excess  being  divided  in  the  ratio  of  their  surfaces. 

Electrical  cnrrents  are  either  momentary  or  permanent. — The 
first  occur  when  contact  is  formed  between  substances  oppositely  ex- 
cited by  friction  or  otherwise,  and  their  effects  are  instantaneous  and 
transient. 

Permanent  electric  currents  arise  only  from  the  sustained  action  of 
some  continuous  cause  ;  as,  from  the  continued  motion  of  the  electrical 
machine,  or,  more  simply,  from  the  chemical  action  of  unlike  substances, 
as  in  the  voltaic  battery,  in  which  the  electrical  current  is  kept  up  as 
long  88  any  chemical  action  exists. 

818.  Path  and  ▼elocity  of  electric  cnrrents. — If  several  con- 
. ducting  paths  are  open  to  an  electric  current,  it  will  always  choose  the 

shortest,  and  that  in  which  it  meets  the  least  resistance.  If  the  cur- 
rent is  powerful,  and  the  conductor  inadequately  small,  its  passage  will 
be  marked  by  light,  and  perhaps  by  the  combustion  and  deflagration 
of  the  conductor.  The  velocity  of  static  electricity,  by  Wheatatone'i 
46 
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ei)H>riiiii'titH,  ovor  h  c(i|i]>er  wiiw,  wnn  found  tn  he  3718.IVIO  miln  in  k 
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II. 


RIO.  Coolomb'B  laws.— Cuuliiml)  (died  I80C).  s  di«tinguisb«d 
French  phjaidiit,  by  the  use  of  tlio  tarsioD  buliiii™,  Erst  demonstrated 
the  fullnwing  laws  of  electriual  attrBrtums  and  repulsions: — 

IsL  7W  acileil  bodit»  altrocl  and  rrjideack  other  vilh  a  force  ^npor- 
lional  to  the  inlwrw  tqnare  of  t/uir  diatanea  fi-om  *ach  other. 

2d.  Thedulanea  nmaining  the  gainf,  lh«  aUraetioni  and  rtpuUioH* 
aretHrectl;/  ai  the  iptaiUilies  of  elreiriciti/ poiietsed  by  the  tuM  fmdie*. 

Coulomb's  laws  of  torsion  have  alrcadj  liecn  dBmoinit™i»«i  (2156), 
He  bappily  applied  these  principles,  first  established  \ij  him^eir.  ti>  tb« 
mea^urenieot ufeleutriu  furcex  in  hia  tor-  ^o3 

sioQ  elmrtro meter. 

820.  Toislon  eleotrometei. — This 
instrumoiil,  fig.  558.  coD-ist*.  «f  an  e»- 
terior  glaM  cage,  pmtecttng  a  slender 
neadle.  no.  of  gum  lac,  suBpendoil  by 
a  fine  wire  of  siker  or  platinum,  cen- 
trally attaahed  to  the  nnder  side  of  tbe 
rap.  e.  upon  tbe  lube  d. 

Thla  cip  li  gtadailid,  and  larnt  lihe  tbe 

the  Teniier,  o.  A  small  woigbt,  0,  of  limsii, 
li«pi  tba  wire  Mnie.  nhlls  tbruugh  It  lbs 
gum  Ue  needla  puaaa.  At  one  cod  of  ibo 
noodle,  n.  i«  a  imatl  gilded  ball  of  pith,  or  a 
diak  of  tinael  paper.  Tba  rovtt  ot  the  glau 
eaae  ia  pcrforaUd  fur  the  frte  panage  of  ■ 
gtus  loanUting  rod,  i',  e*rr;ing  a  polished 
Tbe  gla»  onge  U  graduated 


1  C.  in 


I  ^eo   degresa,  t 


apacea  trarerted  b;  the  needle. 
Fhe  tsrd  nf  the  gradnaijnn.  and  of  ibo  arc  uu  the  > 
Bpf.nd  (bj  rOTulying  the  lube,  i*.)  "irb  ibo  noruai 
at  reel,  and  uDeicited.  To  aceid  the  losa  uf  electr 
kept  dry  by  a  lil.cle  quick-lime,  plnced  iu  a  disk  for 
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821.  Demonatration  of  the  first  la^Kr. — The  apparatas  being  thus 
arranged,  the  insulated  rod,  i,  is  withdrawn,  and  the  ball,  m,  plaoM  in 
contact  with  some  excited  surface — as  the  electrical  machine.  Thus 
excited,  nt  is  immediately  returned  to  its  place  by  the  insulating  handle, 
taking  care  that  it  touches  nothing.  Forthwith  the  disk,  n,  is  attracted 
to  m,  is  oppositely  electrified,  and  then  repelled  with  a  force  propor- 
tioned to  the  intensity  of  m.  After  a  few  oscillations,  n  comes  to  rest 
say  at  30  degrees  on  the  graduated  circle.  This  angle  then  represents 
the  repellent  force  of  the  electricity  on  m,  since  the  torsion  of  a  wire 
is  directly  as  the  twisting  force.  But  what  would  be  the  force  requi- 
site to  hold  the  disk,  n,  in  equilibrium  at  half  this  angular  distance,  or 
15°?  Revolving  the  movable  circle,  e,  in  the  direction  of  the  arrow, 
we  find  it  is  necessary  to  carry  it  from  0  to  105°,  in  order  that  the 
needle  may  point  to  15°.  The  wire  is  then  twisted  at  top  with  a  force 
of  105°,  and  at  bottom  with  a  force  of  15°,  giving  120°  as  the  angle 
representing  the  force  with  which  the  two  electrified  bodies  repel  each 
other,  at  the  distance  of  15° — or,  at  half  the  distance,  we  have  quad- 
ruple the  force ;  at  one-third  the  distance,  or  7}°,  the  force  would  be 
472°'5  -|-  7°'5  =  480°,  according  to  the  law  of  inverse  squares. 

In  like  manner,  reversing  the  electricities,  we  prove  that  the  force 
with  which  two  electrified  bodies  attract  each  other,  is  inversely  pro- 
portional to  the  square  of  the  distance  by  which  they  are  separated. 

822.  Demonatration  of  the  second  law. — Having  repelled  the 
needle,  n  o,  by  the  excited  ball,  m,  withdraw  the  latter,  and  touch  it  to 
a  second  metallic  ball  of  the  same  size,  insulated  on  a  glass  handle. 
The  ball,  m,  parts  with  half  its  electricity  to  the  second  ball  (827). 
Now  return  it  to  the  torsion  balance ;  it  will  be  found  that  the  needle, 
no,  is  repelled  to  a  distance  equal  to  its  former  distance  multiplied  by 

the  square  root  of  one-half,  IX  =  D\^i-    Touch  m  again  to  the  second 
ball,  as  before,  and  it  will  then  repel  the  needle  to  a  distance  equal  to  the 

first  distance  multiplied  by  the  square  root  of  one-fourth,  ly^  =  Dy^\, 

and  so  on. 

Sir  Wm.  S.  Harris,  of  England,  by  the  ase  of  a  bifllar  electrometer, 
which  substitutes  the  force  of  gravity  for  that  of  torsion,  has  shown  that  the 
two  laws  of  Coulomb  are  not  strictly  accurate,  unless  the  two  excited  bodies 
have  the  same  size  and  form,  or  unless  the  sections  of  the  opposing  parts  are 
equal.  The  result  of  bis  determinations  is,  that  the  attraction  is  directly  propor- 
tional to  the  number  of  points  immediately  opposed  to  each  other,  and  inversely 
to  the  square  of  their  respective  distances. 

823.  Proof-plane. — For  the  purpose  of  determining  the  relative 
quantities  of  electricity  that  are  found  on  the  different  parts  of  the  sur- 
face ol  bu  electrified  conductor,  a  contrivance  called  a  proof-plane  is 
used.  It  is  nothing  but  a  8  uall  disk  of  tinsel,  ^r  metal,  insulated,  as  in 
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the  ball,  fit,  of  the  torsion  balance,  fi^.  558.  This  in  touched  to  the 
surface  whose  electricity  is  to  be  examined,  and  receives  therefrom  a 
quantity  of  electricity  equal  to  the  sum  of  both  of  its  own  snrfaces.  Ifc 
may  then  be  inserted  in  the  balance  of  torsion,  or  used  on  any  other 
electroscope.  The  electricity  on  the  body  touched  is  diminished  to  the 
same  extent,  but  when  the  proof-plane  b  small,  compared  with  the  are* 
uf  the  excited  conductor,  no  sensible  erroV  can  arise  from  this  loss. 
The  most  important  source  of  error  to  be  guarded  against  in  the  nee 
of  this  instrument,  arises  from  the  effects  of  induction,  presently  to  be 
explained. 

824.  Electricity  resides  only  on  the  outer  surfaces  of  excited 
bodies,  and  not  in  tlioir  substance,  or  on  their  interior  surfaces.  This 
fact  is  attributed  in  part  to  the  repulsive  power  of  the  electric  fluid 
acting  upon  the  particles  of  matter  interiorly,  thus  driving  the  excite* 
ment  to  the  outer  surface,  where  it  meet«  the  non-conducting  air,  and 
is  arrested.  It  is  also  due  to  tlie  inductive  influence  of  the  electricity 
of  surrounding  bodies,  and  of  the  walls  of  the  room.  The  following 
experiments  will  illustrate  this  law.  559 

A.  Electrify  the  metal  sphere,  a,  fig.  559,  on  an 
insulating  stand,  Ij  and  approach  to  it  the  two  hollow 
hemispheres  of  bra^s,  c  e,  insulated,  and  made  accu- 
rately to  cover  the  sphere.  On  rt  moving  them,  a  will 
be  found  without  the  least  trace  of  electrical  excite- 
ment, as  may  be  proved  by  u  delicate  electroscope, 
while  the  two  hemispheres  are  fully  excited.  To  remove  the  enveloping  hem^ 
spheres  is  to  remove  the  surface  of  the  sphere,  560 

and  with  them  its  electricity. 

B.  Fig.  560  shows  an  insulated  hollow  sphere, 
with  a  hole  in  the  top.  When  this  is  electri- 
fied, the  proof-plane  may  bo  introduced  by  the 
opening,  and  placed  in  contact  with  its  inner 
surface,  without  acquiring  any  excitement 
(provided  care  be  taken  to  avoid  the  inducing 
eflfect  of  the  edges  of  the  opening,  which  may 
otherwise  decompose  the  neutral  electricity  of 
the  gum-lac  handle),  while  from  contact  with 
any  point  of  the  outside,  the  proof-plane  ac- 
quires abundant  excitement. 

C.  Farwlay  has  described  a  muslin  bag  in 
the  form  of  a  net,  fig.  561,  sustained  on  an 
insulated  ring  of  wire,  and  provided  at  the 
point  of  the  cone  with  two  insulated  silk 
strings,  c  c',  so  that  it  may  be  turned  inside 
out  at  pleasure,  without  touching  it.  When 
this  is  electrized  exUiiorfi/j  it  may  be  turned 
inside  out  by  means  of  the  strings,  without  a 
trace  of  electricity  being  found  on  the  insfde 
'which  SA  instant  before  was  the  outside/,  and  this  maj  b«  repeated  MTeral  tiaei 
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before  the  electricity  is  dissipated.  He  is  in  the  hahit  of  covering  his  most  deli- 
cftle  electroscopes  with  muslin  bags,  to  protect  them  from  the  inflaence  of  excited 
electrical  machines,  with  entire 
success. 

Fig.  562  shows  a  ribbon  of 
metallic  paper  wound  around  a 
metallic  axis,  insulated  by   the 


iilk  threads 


rT\ 


two  pith-balls, 


•  e'y  are  suspended  by  linen 
threads,  at  one  end  of  the  rib- 
bon. When  the  ribbon  is  wound 
ap,  and  the  whole  is  electrized, 
the  balls  of  the  electroscopes  di- 
rerge  powerfully.  If  the  ribbon 
is  now  unwound  by  drawing  the 
insulating  string  below,  the  electroscope  balll  gradunlly  fall,  and  finally  come 
almost  in  contact;  but  when  the  ribbon  is  again  wound  up,  the  balls  diverge  as 
before.  This  may  be  repeated  several  times.  This  beautifully  illustrates  the 
relation  of  surface  *aa  intensity.  As  the  surface  is  increased,  the  same  quan- 
tity of  electricity  is  spread  out  over  a  larger  surface,  and  its  energy  declines,  but 
is  increased  again  as  the  surface  is  diminished  by  re-winding  the  ribbon. 

D.  It  appears  from  these  experiments  that  a  ball  of  wood  or  pith,  covered  with 
tin  foil  or  gold  leaf,  can  accumulate  on  its  surface  as  much  electricity  as  if  it  was 
of  solid  metaL 

It  is  thus  proved  that  all  the  electricity  with  which  a  condactiDg 
body  is  charged,  is  disposed  on  its  surface. 

825.  Distribution  of  electricity. — The  form  of  conductors  influ- 
ences the  distribution  of  electricity  on  their  surface.  In  a  sphere,  the 
distribution  is  uniform,  as  would  be  anticipated  from  the  known  pro- 
perties of  the  solid.  The  proof-plane,  applied  to  any  part  of  an  excited 
sphere,  acquires,  as  tested  by  the  balance,  593 

the  same  power.  In  an  ellipsoid  of  revo- 
lution, like  fig.  5G3,  the  proof-plane  ap- 
plied at  a,  gives  a  much  larger  angle  of 
torsion  in  the  balance  than  at  any  other 
point,  while  the  minimum  is  in  the  vicinity 
of  e ;  showing  a  tendency  in  electrical  ex- 
citement to  accumulate  about  the  extremi. 
ties  of  any  solid  having  unequal  axes. 

In  cylinders,  the  concentration  of  force  is  within  about  two  inches  from  each 
end,  and  is  feeble  at  the  middle.  So  in  plates,  the  maximum  of  accumulation  is 
about  an  inch  from  the  edge.  The  same  is  true  of  the  edge?  and  solid  angles 
of  prismatic  bodies. 

826.  The  power  of  points  (first  investigated  by  Franklin)  in  con. 
oentrating  electricity  is  such  that  the  excitement  passes  ofi*,  as  rapidly 
M  it  accumulates,  to  the  nearest  bodies,  or  is  diffused  into  the  ambient 
air  in  an  electrica  brash  or  [  encil,  visible  in  the  dark  (842  (6) ).  This 
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fact  follows  08  a  consequence  of  the  tendency  of  electricitj  to  acoamii- 
late  at  the  smaller  end  ot  an  ellipKoid.  The  ellipsoid  may  be  so  elon- 
f^atod  that  the  electricity  escapes — it  then  becomes  a  blunt  point.  These 
facts  are  of  the  greatest  imp(irtance  in  the  construction  of  electrical 
machines. 

827.  The  loss  of  electricity  in  excited  bodies,  even  when  insu- 
lated in  the  best  manner,  is  constant,  chiefly  from  two  causes,  vii. :  Ist, 
the  moisture  of  the  air ;  and  2d,  the  imperfection  of  the  insulation. 
The  loss  from  tlie  first  cause,  in  still  air  of  average  drynera,  is  propor- 
tioned to  the  state  of  electrical  tension.  Bodies  feebly  excited,  and  per- 
fectly well  insulated  in  dry  air,  retain  their  state  of  tension  for  weeks 
or  months,  while  those  highly  excited,  and  not  carefully  preserved,  are 
soon  deprived  of  all  electrical  excitement.  The  rate  of  loss  by  imper- 
fect conduction  is,  of  course,  dependent  on  the  non-conducting  material 
used,  the  perfection  of  workmanship,  and  care  of  the  apparatus. 

The  loss  of  electricity  by  an  excited  conductor,  when  placed  in  con- 
tact with  an  unexcited  body,  insulated  from  the  earth,  is  in  proportion 
to  the  relative  surfaces  of  the  two  bodies.  One  gains,  the  other  loses. 
Two  equal  spheres  will  divide  the  whole  quantity  between  them.  If 
they  remain  in  contact,  the  distribution  is  unequal,  being  least  at  the 
point  of  contact,  and  increasing  to  a  maximum  at  2(P  to  30°  from  the 
point  of  contact.   The  proof-plane  determines  exactly  all  such  questions. 

In  a  racuam,  a  high  state  of  electrical  tension  is  impossible,  since  the  re- 
straining power  of  tbo  air  is  wanting.  But  a  feeble  tension  can  be  pretenred  in 
an  exhausted  receiver  for  a  long  time.  The  movement  of  the  mercury  against 
the  walls  of  the  tube  of  a  barometer,  excites  electrical  tension,  and  even  lumi- 
nous electricitj,  as  was  shown  by  Cavendish. 

III.     INDUCTION  OF  ELECTRICITY. 

828.  Electrical  influence  or  induction. — Every  electrified  body 
is  surrounded,  so  to  speak,  by  an  atmosphere  of  influence,  analogous  to 
that  surrounding  a  magnet  (783),  within  which  every  insulated  con- 
ductor becomes  also  excited.  Bodies  so  affected  are  said  to  be  deeirified 
by  induction^  having  their  neutral  electricity  decomposed  by  the  tension 
of  the  excited  conductor,  exercised  through  the  intervening  air. 

Let  the  conductor,  V,  fig.  564,  of  an  electrical  machine,  be  approached  within 
sav  six  inches  of  an  insulated  metallic  con- 
ductor,  A  B.     The  rmall  electroscopes,  a  a',  •"* 

snspen  led  beneath  i'.s  ends,  instantly  diverge,  fl^        ^ 

and  at  the  same  time  are  respectively  attracted  ~ 

to  V,  at  A,  and  repelled  from  it  at  B.     If  V  ^^^^^     yj  A 
is  -4-  A  is  — ,  and  the  remote  end,  B,  is  plus.      |  *      r 

The  intermediate  electroscopes,  h  h\  also  di- 
verge, but  in  a  less  degree,  while  those  near 
the  middle,  c  c\  do  not  diverge  at  all.  If, 
while  thus  excited,  A  B  is  withdrawn  from  V  (eare  being  taktn  not  lo  toneh  the 
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e«>nducting  surface),  the  elociroscopes  will  presently  cease  to  indicate  any  ex- 
citement The  explanation  of  these  facta  ift,  that  the  neutral  fluid  of  A  B  has 
been  decomposed  by  the  influence  of  V,  the  -f-  fl^i^  being  repelled  to  B,  and  the 
—  attracted  to  A,  while,  near  the  centre  (never  exactly  in  the  centre),  a  neutral 
point  is  found,  where  no  decomposition  exists.  When  V,  the  disturbing  cause, 
is  withdrawn,  the  two  electricities  of  A  B  unite  again,  and  leave  the  conductor 
entirely  passive.  If,  however,  the  conductor,  A  B,  is  made  in  two  parts,  joined 
at  the  neutral  point,  and  each  on  a  separate  glass  leg,  when  it  is  inductively 
excited,  the  two  parts  may  be  separated,  and  each  part  will  then  be  found,  when 
removed  from  influence,  to  possess  the  same  excitement  developed  in  it,  under 
the  inductive  power  of  V.  . 

By  means  of  a  glass  tube,  or  stick  of  resin  gently  excited,  and  approached  to 
one  of  the  electroscopes,  it  is,  of  course,  easy  to  determine  the  description  af 
excitement  in  V,  which  we  now  assume  to  be  -|— 

829.  The  Utyurs  of  indaotion  may  be  thus  stated: — Ist.  A  body 
electrized  by  ioductioo,  possesses  no  more  electricity  than  before.  This 
18  shown  by  the  fact,  that  as  soon  as  the  inducing  influence  ceases,  the 
two  fluids  reunite  in  A  B,  and  no  trace  of  excitement  remains. 

2d.  If  a  conductor,  excited  by  induction,  is  touched,  or  made  to  com- 
municate with  the  earth  in  any  part  of  its  surface,  it  parts  with  a  por- 
tion of  electricity,  always  of  the  same  name  with  the  inducing  body, 
and  it  retains  the  fluid  of  opposite  name.  If  the  inducing  cause  is 
then  withdrawn,  the  insulated  conductor  remains  excited,  with  the  fluid 
of  opposite  name  to  that  of  the  inducing  body. 

Thus,  we  note  the  important  distinctions  between  a  body  electrized  by  induc- 
tion and  by  conduction.  Induction  occasions  no  transmission  of  free  electricity 
to  the  other  body ;  but  only  a  decomposition  of  the  +  electricities  of  the  insu- 
lated conductor.  Induction  produces  dissimilar  conduction,  similar  electricity 
to  that  of  the  exciting  body ;  and  the  distance  to  which  electricity  of  induction 
extends,  greatly  exceeds  that  to  which  it  can  be  propagated  by  conduction, 
where  absolute  contact  or  very  close  proximity  is  required.  A  strong  analogy 
exists  between  electric  and  magnetic  induction.  Both  magnetism  and  electricity 
by  contact,  are  of  the  same  name  with  the  body  touched.  By  influence,  the 
neutral  fluid  of  the  excited  body  is  decomposed,  and  the  polarities  are  in  accord- 
aoce  with  laws  already  stated. 

830.  Indaotion  is  an  aot  of  contigaoos  particles. — Dr.  Faraday 
has  modified  the  usual  view  of  induction  just  stated,  by  showing  that 
induction  never  takes  place  at  a  distance,  without  polariiing  the  mole- 
cules of  the  intervening  non-conductor,  causing  them  to  assume  a  con- 
atrained  position,  which  they  retain  as  long  as  they  are  under  the 
influence  of  the  inductive  body. 

Because  air  and  other  non-conductors  permit  the  passage  of  electrijai 
influence  in  this  manner,  Faraday  calls  them  dielectrics,  in  distinction 
from  eledrics,  or  conductors  which  can  become  polarized  only  when 
insalated  by  some  dielectric.  Dielectrics  differ  in  their  specific  induc- 
tive capacity,  air  being  the  lowest  in  the  scale,  as  follows,  vii. :  air,  1 
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resin,  1*77;  pitch,  1*80;  wax,  i'86;  glass,  1*90;  sulphur,  1*93;  ehellao^ 

195. 

The  apparatua  used  bj  Faraday  in  determiniDg  the  relative  ioductire  capacitj 
of  air  and  other  gases,  is  seen  in  fig.  565,  consisting,  essentially,  of  two  metAllio 
spheres,  C  and  P  Q,  of  unequal  diameter,  the  smaller  placed  555 

in  the  centre  of  the  larger,  and  insulated  from  it  by  a  stem 
of  shellac  or  gutta  percha,  A.  The  two  halves  of  the  outer 
sphere  join  in  an  air-tight  joint,  like  the  Magdeburg  hemi- 
spheres (257).  The  space,  m  n,  may  be  emptied  of  air  by  an 
air-pump,  controlled  by  a  cock  in  the  foot,  and  filled  with 
any  other  gas  or  fluid.  This  apparatus  resembles  the  Ley- 
den  jar  (847),  with  the  advantage  of  changing  the  intervening 
dielectric  at  pleasure.  The  balls,  G  and  B,  constitute  the 
charged  conductor,  upon  the  surface  of  which  idl  the  electric 
force  is  resident  by  virtue  of  induction.  As  the  medium  in 
m  M  may  be  changed  at  pleasure,  while  all  other  things  re- 
main the  same,  then  any  changes  manifest  by  the  proof- 
plane  and  torsion  balance,  will  depend  on  changes  made  in 
the  interior.  The  same  end  would  be  reached  by  having  two 
exactly  similar  inductive  apparatus,  with  different  insulating 
media.  When  one  was  charged  and  measured,  the  charge < 
being  divided  with  the  other,  the  ultimate  conditions  of  both  indicate  by  the 
torsion  balance  whether  or  not  the  media  had  any  specific  differences.  (For 
further  details,  see  Faraday's  Exp.  Res.  1107.) 

831.  The  attractionB  and  repalaiona  of  light  bodies  (811)  «;aQ 
be  explained  only  in  view  of  the  phenomena  of  induction.  The  excited 
tube  or  resin,  decomposes  the  neutral  electricity  in  the  pith-balls  or 
bits  of  paper,  repelling  the  electricity  of  opposite  name,  and  being  thus 
left  of  an  opposite  excitement  to  the  rod  or  resin,  they  become  attracted 
to  the  exciting  body,  in  obedience  to  electrical  laws.  All  oases  of  elec- 
trical repulsion  are  equally  referable  to  attraction  under  inductiTe 
influence.  Thus  the  apparent  repulsion  of  the  two  pith-balls  in  an 
electroscope,  is  really  the  effect  of  the  attraction  of  surrounding  bodies, 
whose  electrical  equilibrium  is  disturbed  by  the  inductive  influence  of 
the  exciting  cause. 

The  following  experiment  illustrates,  in  an  interesting  manner,  the  derelop- 
meut  of  electricity,  and  the  attractions  and  repulsions  of  light  bodies  by  indoe* 
tion.  Support  by  its  edges  a  pane  of  dry  and  warm  window-glass,  about  aa 
inch  from  the  table,  on  two  pieces  of  dry  wood,  and  place  beneath  it  several 
pieces  of  paper  or  pith-balls.  Excite  the  upper  surface  by  fHotion  with  a  silk 
haudkerchief,  the  electricity  of  the  glass  becomes  decomposed,  its  negative  fluid 
adheres  to  the  silk,  and  its  positive  to  the  upper  surface  of  the  glass  plate;  this, 
by  induction,  acts  on  the  lower  surface  of  the  glass,  repelling  its  positive  elee- 
tricity,  and  attracting  its  negative,  the  intervening  dielectric  being  polarised  as 
explained,  and  the  lower  surface  of  the  glass  electrified  by  induction  through 
its  substance,  attracts  and  repels  alternately,  the  light  bodies,  like  the  excited 
tube  (811).  (Bird.)  Numerous  experiments,  illastratire  of  indnction,  are  giva* 
under  the  electrical  machine. , 
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832.  Bleotrometen. — CaTallo*8,  Volta's,  and  Bennett's — The 

electroscopes  Dientitined  in  section  813,  serve  to  indicate  the  presence 
and  name  of  the  electricity.    Electrometers  are  designed  to  give  ap- 
proximate measures  of  the  quantity  of  eleo-  666 
tricitj. 

Fig.  566  shows  Cavallo's  electrometer — a  bell- 
jar  with  a  metallie  rod  and  button,  B,  sustaining 
two  pith-balls,  m,  at  the  ends  of  two  wires.  Volta 
•ubstitated  for  Uie  two  pith-balls,  two  delieale 
blades  of  straw,  p.  Bennett  replaced  these  by 
two  strips  of  gold  leaf,  o,  placed  face  to  face. 
When  the  knob,  B,  receives  electricitj,  the  pith- 
balls,  straws,  or  gold  leaves,  diverge,  and  by  the 
degree  of  their  divergence,  measured  on  a  graduated  are,  the  intensitj  of  the 
electricity  is  judged  of.     Two  strips  of  tin  foil,  e  e',  are  567 

pasted  to  the  inside  of  the  glass  bell,  to  discharge  the 
diverging  leaves,  when  they  are  repelled,  so  as  touch  the 
•ides.  Otherwise  the  inside  of  the  glass  jar  would  be  elec- 
trified by  induction,  and  render  the  apparatus  useless ;  and 
to  avoid  dampness,  the  top  of  the  bell  is  varnished,  and  the 
air  within,  dried  by  quick  lime.  Approaching  an  excited 
body  towards  B,  the  gold  leaves  diverge,  because  the  posi- 
tive fluid,  if  the  excitant  is  positive,  is  driven  into  them, 
while  the  negative  is  attracted  to  B.  Touching  B  with  the 
finger,  the  positive  fluid  passes  off  to  the  earth,  but  on 
withdrawing  the  finger,  the  leaves  diverge  under  the  influ- 
ence of  the  negative  electricity  remaining  in  the  apparatus. 

Fig.  567  is  a  sensitive  form  of  gold  leaf  electrometer,  with 
brass  condensing  plates,  ^  846,  and  a  cup  at  top  to  illustrate  the  effect  of  ev:  oora- 
tion  in  producing  electrical  excitement. 

Hare's  single  leaf  electrometer,  and  the  condensing  electrometer,  are  men  ioned 
in  section  846,  and  Bohnenberger's  under  the  dry  pile,  ^  873. 

lY.    ELECTRICAL  MACHINES. 

li6Z.  The  eleotrophoms. — Any  apparatus  by  which  electrical  phe- 
nomena may  be  obtained  at  pleasure,  is  an  electrical  machine.  The 
simplest  apparatus  of  this  sort  is  Yolta's  eUrirophorus,  or  carrier  of 
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electricitj,  invented  in  1775. 

A  cake  of  resin,  or  a  disk  of  whidebone- 
india-rubber,  or  gutta  percha,  eight  or 
ten  inches  In  diameter,  is  excited  by  a 
fur  or  warm  flannel,  and  a  smaller  disk  of ; 
brass,  or  tin  plate  (with  rounded  edges),  is 
placed  on  it  by  an  insulating  handle.  Touch 
the  upper  surface  of  the  metallic  disk  with 
the  finger  (fig.  568),  in  order  to  allow  the 
escape  to  the  common  reservoir  (815)  of  the 
negative  electricity,  resulting  from  the  decomposition  of  the  neutral  fluid  is  ^b« 
metallic-plate  by  the  excited  resin.   Now  removing  the  flnger,  raise  the  diskbj  tb 
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The  phenomena  inrolved  in  the  electrophbrua  are  IJeDtiuu]  with 
thoHe  explained  in  {  6'29.  Or  vourHe,  if  the  plaw,  A,  were  raited 
nithimt  Uiui:hitig,  it  wuuld  luanirest  no  electrical  eicitemeut;  the  twi 
luidfl  re-ai>ml)lning  ns  in  ibe  iDHuluted  conductor,  fig.  563. 

834.  ThB  oylludor  Bleotiioal  maohine.— When  larger  qunntitief 
'.f  eleotriuit;  are  required  than  can  be  nblulned  from  the  meaoa  atreadjr 
deacribed,  reaort  ia  bod  to  machines  of  larger  site,  und  more  gioKeT, 
)f  which,  hi>waver  tarioua  in  furm,  conaiat  principall;  of  three  paru, 
»ii.:  Ut,  a  non-conductor,  uaunlly  of  glass,  revoiiring  on  a  horiiontnl 
axia,  and  jiroducing  frictiun ;  2d,  a  rubber,  againgl  which  the  non- 
ounduclor  presaea.  The  rubher  ia  a  aoft,  elastic  noo-cunducling  bodj, 
aa  a  cushi»n  of  leather,  u^iuall;  itrmcd  with  amalgam,  to  be  ■le-i:ril>ed 
hereafter.  3d,  two  condurlors,  usually  nf  brass,  mounted  on  glass  s 
pnrta.  one  to  receive  the  +  and  the  other  Ibe  —  cleotricilj. 

In  tbe  crlindcr  nmubmu,  Rg.  67t,  .  fmoolb  >:;UDJec,  M,  of  glui,  iu.uli 
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■BwUined  on  the  Insalatod  prime  condnctor.  A,  and  oorering  abont  one  eighth 
of  Its  surface :  an  apron  of  silk  is  nsaally  attached  to  the  upper  edge  of  the 
rubber,  and  extends  as  far  as  the  points,  P,  on  the  second  conductor,  B,  designed 
to  receive  the  -|-  electricity  excited  at  C.  If  the  connecting  rods,  E  D,  are 
approached  as  in  the  figure,  and  the  cylinder  is  revolved,  and  there  is  no  con- 
nection with  the  earth,  then  the  -{-  electricity  accumulated  on  the  positive  con- 
ductor, will  reunite  with  a  spark  with  the  —  electricity  of  the  negative  conductor, 
A,  again  to  be  decomposed  as  before  at  C.  If  the  negative  eonductor.  A,  is 
connected  with  the  earth  by  a  chain  or  metallic  thread,  then,  when  the  machine 
is  worked,  a  continuous  flow  of  sparks  of  positive  electricity  will  pass  from  the 
positive  conductor,  B,  to  any  conductor  near  enough  to  receive  them.  But  if  A 
is  insulated,  and  B  is  connected  with  the  earth,  then  from  E,  a  eontinuous  flow 
of  negative  electricity  is  obtained.  In  this  case  a  flow  of  positive  electricity 
takes  place  from  the  eushion,  C,  through  the  conductor,  B,  to  the  earth,  thus 
leaving  the  conductor  A  charged  with  negative  electricity.  This  form  of  cylinder 
machine  was  designed  by  an  Englishman  named  Naime. 

Amalgam. — No  considerable  qaantity  of  electricity  can  be  evolved 
from  an  electrical  machine  of  glass,  unless  the  rubber  is  excited  with 
an  amalgam  composed  usually  of  four  parts  mercury,  eight  zinc,  and 
two  tin.  mixed  with  some  unctuous  matter  and  spread  on  silk  or  leather. 
The  zinc  is  first  melted ;  the  tin  is  added,  and  the  mixture  stirred,  and 
poured,  not  too  hot,  into  a  wooden  box,  coated  inside  with  chalk,  and 
into  which  the  heated  mercury  has  been  first  poured.  The  lid  is  put 
on,  and  the  box  violently  shaken,  until  the  amalgam  becomes  cool.  It 
is  then  finely  pulverized  in  a  mortar,  and  becomes  as  soft  as  butter. 

835.  Ramsden's  plate  machine,  as  its  name  indicates,  has  a  plate 
or  plates  of  gla^s  substituted  for  the  cylinder.  This  form  of  apparatus 
is  seen  in  fig.  572.  The  plate,  F  F,  is  revolved  by  the  winch,  M,  sus- 
tained in  a  frame,  0  0,  of  baked  wood.  Two  pairs x)f  spring  cushions, 
a  c%  armed  with  amalgam,  produce  friction.  The  conductors,  C  C,  collect 
the  electricity  from  the  glass  by  the  points  seen  on  the  inside  of  their 
curved  branches,  placed  near  the  surface  of  the  plate.  Each  of  the 
cushions  is  connected  with  the  earth  by  the  conductor,  D ;  strips  of 
tin  foil  pasted  upon  the  edges  of  the  frame,  0,  and  shown  in  573 
the  figure  unshaded,  communicate  between  the  four  sets  of 
cushions  and  the  chain  D. 

Ramsden's  apparatus  originally  gave  only  positive  electricity. 
It  was  so  modified  by  Von  Marum  as  to  obviate  this  defect  This 
form  nf  electrical  machine  was  contrived  by  Ramsden,  of  London, 
in  1776. 

The  earliest  electrical  machine  was  made  by  Otto  V.  Guericke 
(who  invented  the  air-pump),  and  was  a  globe  of  sulphur  or  resin, 
driven  by  a  motor  wheel,  the  hand  being  U8ed  for  friction.  A  cone  of  siulpbur, 
fig.  573.  cast  in  a  wine-glass,  and  provided  with  a  gloss  rod  as  a  handle,  serves 
to  illustrate  this  early  electrical  apparatus.  But  hard  india>rubber  is  a  more 
aoDveuieot  and  certain  source  of  negative  electrical  excitement. 

In  the  United  States,  our  mechanicians  have  brought  all  apparatus 
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1  leacioe  little  to  b« 


836.  Tbe  AmeiiOBQ  plate  vleotrical  machlna. — The  funn  of 
pints  iniiiihinR  ccunmonlf  adnpted  in  th«  UniMd  Sutlci  in  senn  in  ig, 
&T4  (rrom  RUchie).  It  is  nrmnged  fur  the  exhihitiun  of  biith  olevtrici- 
tAtu  nt  plctmure.  and  bas  n  prime  iHinduolor  iin  n  movnlile  sUnil. 

Dk.  Hare  hits  Tor;  ingeuiuualj  met  llie  difRuult;  of  ubisining  bitb 
elBotriuitiea  from  the  plate  machine  by  toakitig  the  pUte  revulv«  hiiti- 
xuntHll;,  and  tlius  allowing  the  punilivc  nnd  nc<;ative  cnnduobtnt  to 
eland  like  arches  in  tnu  vertieni  planes  at  right  nnglti*  tfl  eiuib  ntlier 
above  the  piste.  Am.  J.mr.  Sei.  [1]  VII.  108,)  Dr.  Hare  ww  »u 
urdenl  Ruppiirter  uf  the   Frnnkliniiiti   liypo thesis,  and   tbiti  appnratu* 

R37.  I>atga  electiical  maobine  — Ritohie'a  doable  pisto  aia- 
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1  from  Bf.  BTS  (ftontii- 
lot  ihoim.     Theie,  foi 

Tbii  mublnii  tau  two  plaUa  of  Fninoh  gluB,  ea.'b  iii  rsel  ia  dimufltir,  aus- 
tftiued  hj  kD  iDBulmLed  itAel  ajie,  upon  ei^ht  ciil-gla»B  aDpportA,  on  a  frame  of 
rDB«wDod.  Tbft  platcA  ikrt  esLi^ited  by  four  pairs  of  rubbers,  uAde  of  bruj,  and 
lined  Kltb  Hat  woo]  foU  tbrss-eighlbi  of  sn  inch  thick,  >Dcb  u  la  nasd  fur  lbs 
dtuapaii  of  Ibe  gruod  piano.  These  are  cnvercd  witb  Brm  ludia  silk,  upon 
which  Ibe  unalf^m  ii  spreuj.  Hubbers  of  Ibis  coBstrunlioD  are  found  to  be  br 
Boro  >ffieieal  tb«n  those  in  general  ase.  The  prime  eondneton  of  this  mkcfain* 
eipnse  Sftj  sqiLire  feel  of  pulisbrd  brui  oylluilers  in  tbree  uetions.  kboat  one 
foot  in  dlameMr  b;  leren  in  loDgtb,  jiastained  also  on  cnl-giaes  insulating  pit- 
Ura.  One  tnm  >f  this  machine  BIls  the  apartment  witb  an  OTerpowering  odor 
oi  oione.  It  ii  <o  arninpid  lu  to  sfToril  ncgaDre  elHtrieit;  from  Tour  nihhers. 
One  battarj  for  this  mKbine  contains  one  bnndred  and  twenl;  g\an  bolls. 
arrannod  in  det^i^hnicnts.  wbpse  coalrd  surfacn  expose  about  ninetj  square  fcpl 
of  ann.  No  delailL-d  descriiition  of  the  performanee  -if  Ihis  superh  Buhinc 
hu  }vl  been  mi.de  publie.     It  mil  orer  three  th"nsvid  dollars  without  its  bat- 

The  Tyleiian  machine.— The  Urmat  ami  ma>l  famont  plate  maehinp 
menrioned  in  0.e  hoolm  heforo  tb»  of  Rilrbie,  of  Boston,  both  on  iroonnt  of  it> 
•lie  Uld  pcHi  rnanre,  was  mndo  by  Ciilhberls<'n  for  Von   Mnriim  in  I;A5.  and 

a  plac«.t  ii     he  T^lDtian   Mii-vinii.  ki  Ilurltni.  in  nullnn'l.     Ii  mi  a  double 
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plaio  machino,  oaoh  plate  sixty-five  inches  in  diameter,  with  eight  onshioBa. 
nearly  sixteen  inches  in  length,  and  twenty-three  and  a  half  feet  surfaoe  in  the 
conductor.  It  gave  three  hundred  sparks  twenty-four  inches  long  in  a  minute 
forked  like  lightning,  and  with  rays  six  or  eight  inches  long,  branching  from  the 
angles  of  the  flash.  It  deflected  a  thread  six  feet  long,  six  inches  from  a  per- 
pendicular, at  a  distance  of  thirty -eight  feet,  and  the  balls  of  CaTallo*s  eloetro- 
•cope  (8;t2)  diverged  half  an  inch  asunder  when  forty  feet  distant  from  it.  The 
prime  conductor  was  supported  on  three  glass  pillars  sending  oat  eolleeting 
branches  between  the  plates.  Two,  and  sometimes  four  men,  were  amployed 
to  turn  it.  When  in  full  force,  a  i>inglo  spark  from  the  oondnetor  snfficod  to 
burn  and  dissipate  a  strip  of  gold-leaf  twenty  inches  long,  and  one  and  a  half 
lines  wide.  A  pointed  wire  exhibited  the  appearance  of  a  Inminons  star  whan 
held  twenty -eight  feet  (^om  the  conductor. 

All  glass  is  not  equally  fit  for  electrical  plates ;  that  which  is  white,  hard,  and 
free  from  bubbles,  is  most  esteemed.  If  too  much  alkali  is  used  in  the  compo- 
sition of  the  glass,  its  surface  attracts  moisture,  and  soon  beeomes  damp  and 
rough.  Such  a  plate  is  worthless.  The  preference  given  to  old  plates  is  doc^ 
probably,  to  the  fact,  that  their  composition  has  enabled  them  to  preserre  thair 
properties  uninjured. 

838.  Care  and  management  of  electrical  maohlnea. — Perfeec 

insulation  and  freedom  from  dust  and  roughnesses,  are  essential  to  the 
good  condition  of  all  electrical  machines.  For  this  end,  the  glass 
columns  are  varnished,  to  avoid  the  deposition  of  moi8ture,  and  all  the 
polished  surfaces  of  metal,  as  well  as  the  glass,  must  be  kept  quite 
clean,  and  free  of  dust  If  the  surface  of  the  cylinder  or  plate 
becomes  streaked  with  amalgam,  it  roust  be  wholly  removed.  It  is 
better  not  to  put  any  amalgam  into  immediate  contact  with  the  glass, 
but  to  spread  it  upon  the  cushion  pretty  thickly,  and  then  to  cover  it 
with  a  piece  of  silk  ;  a  sufficient  quantity  will  pass  through  the  silk, 
as  the  machine  is  worked. 

If  the  gloss  becomes  greasy,  it  is  best  washed  with  rectified  camphene,  burs- 
ing  fluid,  or  ether.  It  is  indispensable  that  the  surface  of  the  amalgam  should 
be  in  good  metallic  communication  with  the  earth,  which  is  accomplished  by  the 
use  of  tin  foil,  or  tinsel.  Cushions  stufied  with  metal  filings  are  preferred  by 
some,  chiefly  for  this  reason.  A  cushion  or  rubber  made  of  two  or  three  folds 
of  cotton-flannel,  between  which  is  laid  a  continnons  strip  of  tin  foil,  of  the 
same  size  with  the  rubber,  works  exceedingly  well.  Ritchie  prefers  piano  felt 
Aurum  mmiivum  (the  bisulphurot  of  tin),  a  yellow  bronzy  powder,  is  an  excel- 
lent substitute  for  amalgam.  It  is  supposed  to  suffer  chemical  decomposition 
when  in  use,  and  ko  to  quicken  the  activity  of  the  machine.  Finally,  a  dry 
winter  air  is  indinpensablc  f»r  the  best  working  of  an  electrical  machine:  hence, 
radiant  heat,  falling  on  tbt  machine,  or  nn  apartment  heated  by  a  dry  fhmace 
air,  is  especially  favorable.  In  carpeted  rooms,  it  is  desirable  to  connect  the 
rubber  with  a  j^as- fixture,  to  .secure  a  good  communication  with  the  common 
reservoir. 

839.  Electricity  from  steam. — Armstrong's  hydro-electric  machine, 
fiir.  576,  is  designed  to  illustrate  the  development  of  puwerful  electrical 
erfocts  from  high  steam ;  a  fact  well  known  to  all  concerned  in  the 
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i>r  loconotive  iteam-cngincg,  but  first  scientlGuitllj  notii'ed 
in  1840,  bj  Mr.  Armstrung.  at  NeHcastle-oa-Tjoe.  The  apparatut 
which  he  cnutriTed  la  shovr  theae  effeRts,  6TC 

is  a  coramoti  high  pressure  steam  boiler, 
about  three  feet  loug  and  tHeoty  inches  in 
dianiel«r,  Diaunted  on  inauluting  pillnra, 
tnd  strong  enaagh  fur  a  pressure  of  i'OO 
Iba.  to  the  inch.  The  stesni  is  suffered  to 
e»ca.pe  bj  jeta.  A,  of  a  peculiar  form,  ou 
the  side  of  the  box,  B,  into  trhich  it  ia  ad- 
mitted I>j  the  cock,  C.  Furadu;,  in  Id 
ti gating  the  electricltj  of  steam,  found 
that  dry  stenm  gave  no  eioitement,  and  . 
that  the  electricity  resulted  from  the  frio-l 
tion  of  vesicle^  of  irater  against  the  c 
of  the  orifice.  Hence,  B  oonlains  a  little 
water,  orer  which  the  steam  escapee,  and  is  partially  condensed.  The 
jet  hae  an  interrupted  passage,  seen  at  M,  to  produce  friction,  and  it« 
noixle  ia  lined  with  drj  boi  or  partridge  wood.  The  rapor  escapes 
against  a  plate,  P,  covered  with  metallic  points,  to  collect  the  eleotricilj, 
and  ending  in  a  brasa  ball,  D,  insulated  from  the  earth.  The  boiler  is 
negative,  and  positive  electricity  is  coUccled  at  D,  provided  the  water 
i«  pure  and  free  from  grease.  Turpentine,  and  other  volatile  essences, 
reverse  the  polarity,  while  grease,  or  steam  frnm  acid,  or  saline  wnler, 
destroys  all  eicitement.  If  Che  nuKzIe  of  the  jet  ends  in  ivory  or  metal, 
there  is  also  no  excitement.  A  boiler,  such  as  Is  described,  will  develop 
in  a  given  time,  as  much  electricity  as  four  plate  machines  forty  inches 
in  diameter,  making  sixty  turns  a  minute ;  a  truly  surprising  result. 

840.  Otber  aonrcea  of  electrical  excitement. — 1.  The  bands  gf 
leather.  India-rubber,  or  gutta-percha.  u):ed  Ui  drive  machinery,  aome- 
tinies  become  powerful  sourcee  of  resinous  electrical  excitement,  giving 
sparks  of  negadve  electricity  over  twenty  inches  in  length. 

In  coiion-milli,  m  much  slectriritj  ia  tbui  lat  frM,  (hat  it  iMootncs  ntaeirurj 
to  let  stuun  into  tbe  curding  and  ruving  rooDiit.  In  avoul  iucoDvenlFDiw  rrum  Ibe 
fVpulilnaa  anil  ■itractiani  of  the  eolbtn.  A  leuberQ  band,  niMiliunrd  b;  Mr. 
B»b*ldgr  lAm.  Joor.  Sci.  [2]  III.,  150),  guvs  rpnrki  to  the  Dugcril  Ihm  hn, 

as  froin  all  had  condudton,  Ii  lotal,  or  dinger  would  allond  iL 

Dr.  rraalilin,  is  ■  Isltor  lo  Bowdoin,  snuKcste.i,  r..t  a  porWWe  eltclrirsl  ma. 
chin*,  a  BruiHd  band  of  ilniTcd  leather,  muTud  h;  a  wiuvb  uvtc  ilruini. 

2.  The  friction  of  shoe-leother  on  woollen  carpets,  in  houses  warmed 
by  hot-air  furnaces,  or  steam,  in  cold  weather,  is  a  fertile  and  curious 
•nurce  of  negative  electrical  excitemct 
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The  yoong  {reople  in  the  aathor's  hoase  find  an  anfailing  ■ooroe  of 
ment  in  cold  weather,  in  giring  electrical  shocks,  by  kissea  and  otherwiae,  to 
unwary  people,  or  in  lighting  the  gas  by  a  spark  from  the  finger,  or  a  key- 
handle,  after  running  briskly  over  the  carpet  Prof.  Loomis  has  noticed  these 
effects  in  detail  in  the  Am.  Jour.  Sci.  [2]  X.,  821,  and  XXVL,  686.  They 
appear  to  be  unknown  in  Europe,  owing  probably  to  the  fact  that  Boropeao 
houses  are  seldom  warmed  and  dried  by  hot-air  famaees. 

841.  Theory  of  the  electrical  machine. — The  phenomena  .if  the 
electrical  machine  maj  be  explained,  either  on  the  theory  of  one  or  two 
fluids.  The  explanations  of  induction  (828),  already  given,  apply 
equally  to  the  development  of  free  electricity,  upon  the  prime  condue- 
tors  of  electrical  machines.  When  the  machine  is  turned,  the  neutral 
electricity  of  the  rubber  is  decomposed,  the  positive  fluid  follows  tbe 
glass,  until  coming  opposite  the  points  on  the  prime  conductor,  the 
negative  electricity  of  the  conductor  flows  out,  to  unite  with  the  posi- 
tive of  tbe  glass,  while  the  positive  fluid  of  the  conductor  is  repelled  to 
the  other  end,  thus  leaving  the  prime  conductor  powerfully  positive. 
Reaching  the  rubber,  the  neutral  fluid  of  the  glass  is  there  decomposed, 
its  negative  portion  seeks  the  common  reservoir,  and  the  positive  fol- 
lows the  revolving  glass  to  the  points  as  before.  The  conductor  does 
not  acquire  positive  electricity  from  the  plate,  but  gives  its  negative 
thereto,  thus  becoming  itself  positive. 

It  is  still  an  open  question  whether  the  action  of  the  amalgam  is  chemical  or 
mechanical  (834).  It  is  certain  that  an  amalgam  of  silver,  or  gold,  does  not  aet 
to  excite  electricity,  like  amalgams  of  oxydisable  metals;  and  Dr.  WoUastoo 
demonstrated,  that  the  latter  did  not  act  in  an  atmosphere  of  carbonic  acid  or 
nitrogen,  free  of  oxygen. 

In  all  cases,  the  discharge  of  an  electrical  conductor,  by  a  spark  or  otherwise, 
is  accompanied  by  the  induction  of  an  opposite  excitement  in  the  body  receiving 
the  shock,  whose  opposite  electricity,  uniting  with  that  of  the  conductor  by  t 
forcible  disruption  of  the  intervening  dielectric,  produces  the  sound  and  flash 
of  the  electric  discharge. 

842.  Experimental  illuatrations  of  electrical  attractions  and 
repulaiona. — A  multitude  of  instructive  and  amusing  experiments 
may  be  made  with  the  electrical  machine,  illustrating  the  law  of  attrac- 
tion.    A  few  must  suffice.  577 

1.  The  insulating  stool  is  a  bench  with 
glass  legs,  fig.  .^77  (a  board  on  four  black  bottles 
answers  perfectly),  oii  which  a  person  may  stand 
or  Mit,  while  in  communication  with  the  electri- 
cal machine.  Being  thus  insulnted,  the  free 
electricity  can  escape  only  through  the  sur- 
rounding air, — approaching  the  knuckle  to  any 
part  of  the  person  or  dress  of  one  so  situated, 
a  strong  spark  is  received.  Except  for  the  hair  being  repelled,  the  person 
charged  is  cut  conscious  of  any  change  frotn  an  ordinary  state.  A  doll's  boa^, 
wUh  paper  hair,  set  upon  one  of  the  conductors,  is  a  common  elootrieal  toy. 
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ahoiriiit  tha  umie  facu  already  expUiBed  la  {  BlI.     A 

glaea   bell   eommanlcato.  with  „- 

Uu  maebine,   flg.  fiSl,    aboTe, 

and  naU  an  a  meUl  pUte  it 

When  the  maohine  ii 


daetarofan  electrical  machine 
aaiwen  qnit«  m  well,  and  may 
be  plaoed  OTer  a  hup  of  pith- 
bdl(  OB  the  table;  they  are 
TioleBtl;  thrown  about  ai  long 


totion  of  little  fignrea 
pitta,  and  pUoed  beiwi 

S.  Tha  eleotiioal 
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leiween  two  metallie  platea.  ^ 

tiioal    irheal    la    compoaed   of    aeTeral  _/^ 

Mntre,  ao  balanoed  u  to  reat  on  an  nprlgbt,  I       \^ 

of  the  eondneton,  Bg.  683 ;  a*  tbe  machine  \        ^ 

la  worke^i,  the  eaoape  or  the  electrioitj  from  the  poinle  reacla  . 

DD  the  air  with  anfflciant  foroa  to  raTolie  Ibe  wheel  with  aoli-  ■         y  ■ 

rily.     Th«  eiitlence  of  auoh  a  enrrent  of  air,  canaed  bj  tfae  I 

eacape  of  elsctricitj  trODi  point*,  la  lortber  ahown  v~  ■) 

6.   Br  B  candle  flame  ;  a  oandla,  Bg.  fiSl,  held  before  I 

paujing  the  eleetrieitj.    If  the  eandlel*  placed  »a  acondnctor, 

■od  a  point  ii  held  oat  to  It,  tbe  direction  of  tfae  flame  li  altered  bj  Ibe  roTaea 

teid  indmed  rw  the  poin^  flg.  M6. 


froiD  points,  bul  ft  Leydea  jut  miiy  be  lilently  ufasrged  from  tbem.  Uuu  uid 
fordi  of  ifaipi  irc  often  loen  ttam  tlppad  with  flro  (c^lsd  St.  Elmn'i  Gn]  id  > 
tbuDder  ilorni.  ir  ths  point  ii  aoieml  with  >  ball  an  incb  at  tH»  in  dinmnUT, 
ita  pcoaliKr  i<MiaD  ceues,  mnd  ths  bull  emiU  Bpitlu. 

;.  I'Tmnklln'i  apidor.  Bllicolt'a  elsolricol  irftMr-pot,  tbe  indiDHl  pliDe,  ud  lb* 
•lutriDiJ  pUntiphflH,  »re  ot.bur  ircll-kiidiirn  rurms  of  ftpiurilui.  deiignad  ta 
■bow  tbc  now  priDcipls.  Tb«  mliUa^ss  af  sll  Isadiag  iuilrnnuDt-iiukcii, 
mnudu  numsroui  additionat  Ulantratioiis  to  ths  lamo  sod. 


843.  DiagniBad  or  latent  elBOtricity. — The  phenomena  gf  induo- 
tion,  alreailj'  eipliiiiieii.  have  a  curluuB  and  most  imporLant  eiteniioQ 

:tie  subject  of  [his  chapter.     When  two  equal  and  insulated  conduc- 

lan,  equnil;  excited  by  the  twu  opposite  electricities,  are  *eparated 

bum  each  other  b;  oniy  a  thin  plate  of  glass,  ur  utlier  dielectria  male- 

t  rial,  no  signs  whatever  of  anj  electrical  excitement  are  cummiinicated 

I  bj  either  to  an  eiectroscupe  connected  with  tlaem.    The  dielectric  pre- 

I  vente  the   udIod  of  tbe  opposing  eleutricitleB,  but  not  their  mutual 

uctive  action,  whereby  their  presence  is  enlirelj  masked  (u  tar- 

rounding  l>odiea. 

Removed  ta  some  distance  from  each  other,  each  manifesto  free  dee- 
tricity.  by  the  divergeDce  of  its  electruacope.  But  if  tbey  are  nnoe 
mure  brought  together,  this  evidence  of  excitement  again  disappears. 
and  so  on,  untjl  the  imperfect  inrOatiuu  of  the  air  gmdually  neutrvl- 
iiee  all  free  electricity, 

When  BQ  situated,  the  electricities  are  said  to  be  Uttejtt  or  dugnited,- 
paruljzed  by  their  miituiil  attractiuns. 

844.  The  condenaei  of  .SSpiniu. — The  phenomena  of  disgulsei. 
electricity  are  illuntrated  by  the  use  of  Tariouii  eondtrnttrt,  ennsiating 
ewenlially  of  two  czteaded  metallic  surfaces,  aiid  an  iusulatiug  ■»«• 
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dium.  The;  are  sometiniea  adapted  to  awumuliite  electrioUj  of  higb 
^eoaioD,  and  sometimea  tbeir  aid  is  invoked  lu  render  seDsible,  qaauti- 
6w  at  electricitj  otherwise  iuseDsible. 

Tfae  coDdeuaBi  of  £piniii,  flga.  iSfl,  Ml,  ia  desigosd  for  tba  rDmei  pnipOM. 
rwo  paligb«d  niitallic  inrfuie,  A  C,  wilb  ,,|  uh, 

(iMtroioqpBi,  ah,  aud  so  inlarDiedial 
thlD  glut  plus,  B,  fig.  M7,  an  » 
moantcd  de  inialating  glut  pillara,  an 
>1id«  in  B  gtoore  eat  In  (bs  but.  Id  flj 
&RS,  tfaa  tiro  diika  aie  placed  ia  clog 
eontaot  with  the  iaiex 
B,  whlla,  bj  (bs  ebain 


Bandnc 


LllSI 


ricit;  aa  would  kIm  iti 
■arface  to  the  tame  teniiaa  nitb  tbe  prime  conductor  of  tbe  macbine.  Bat  this 
■onditioD  ii  wbollj  cbaogod  b;  tba  preaeace  of  tba  saoond  plate,  C,  oat  off  Irom 
•eWal  contact  with  A,  b;  tbe  dielectric,  B,  but  antirel?  witbin  it«  inductive  In. 
Bueuca.  A  part  of  tba  ni.tura!  fluid  of  C  i(  at  oDce  JccompDiad  by  tfaii  iuSn- 
ance  of  A,  attractiug  id  uagaliTe  fluid  to  tfaa  iuDer  aorfaca  of  C,  and  holding  il 
Ibere,  while  tbe  eorraiponding  po»iliie  fluid  from  C,  is  eipellad  by  the  eooduc. 
tor,  m,  to  tfaa  eartfa.  So  free  electricity  would  remain  If  it  were  poaaible  for  B 
to  exiat  and  act  as  a  dielectric  wilbout  tfaickneaa  :  but,  aa  tfais  i>  oTidently  im< 
poaaibla,  it  bappaaa  thi.t  a  little  lesa  negative  fluid  is  drawn  lo  the  sarfooo  of  C, 
than  ailata  of  poaitiTe  on  A.  by  reaaoo  of  the  tbiekneai  of  B.  CoaaequanllT, 
the  elecliOBcope  on  A  remaina  slightly  alerated  [residual  charge),  avan  afler 
■oma  time,  while  that  on  C  oontinaea  wholly  pasaive. 

But  the  ueatraliiation  nf  A'a  poaitive  fluid  by  the  decompoaitioD  of  an  equira- 


of  naU 


D  C,  rt 


alU  li 


La  reaidual  free  electricity.  Hence,  A  can  race 
a  fiaah  charge  from  tbe  manhiDD,  railing  its  leneioa  to  ila  fliat  coaditian,  i 
inducing  tbe  decompoaitiou  of  a  freah  portion  of  neutral  alectricily  in  C 
befaie,  and  thua  tbe  aatioD  proceeds,  until  the  whole  of  tbe  natural  fluid  at  b< 
plates  ia  decompoaed  and  dieguised,  ar  rendered  latent,  excepting  that  am 

if  B  could  be  conceired  of  u  having  no  tbicknena.     It  is  this  tmall  nsali 
which  constitulas  the  raaidual  charge  in  tfae  Leydeu  Jar. 

Id  peribrmiog  this  experiment,  the  knuckle  may  aarre  aa  a  conductor  to 
■arlh.  Id  place  of  m,  when  ■  rapid  aerloa  of  epark*  will  be  recEiied  (poait 
•Iwlricity ),  conatantly  diminishing,  and  ceaeiug  with  the  maiimum  charge 
A  and  C.  This  point  of  maiimum  charge  is  dependent  on,  lit,  the  extent 
■nrface  in  A  E  ,  id,  oa  tbe  teuaioa  of  the  prime  coodaclor;  and  Sd,  on 
thiol 


la  of  B. 
Wbea  the  poii 
«alb1e  are  die) 


D  the 


,  allhoogfa  both 
Withdraw,  now.  A  and  C  from  B, 
A  and  B,  butb  ahow  high  exciMmi 
kacwoea  agaic  enUrely  pasfi 
Mfor*.     7he  oppoaiug  fluids 


while  a  shows 


8g.  i87  i  now,  the  electroacopes, 
plate  again  aa  at  Brat,  and  b 
e  aame  feeble  eicitemout  at 
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ftUractk&Sy  and  only  the  small  excess  of  -^  flaid  is  free,  m  alreadj  explalBe^ 
to  affect  the  electroscope,  B.  The  plates,  A  and  C,  are  now  fully  charged  witl 
disgaised  electricity,  rendered  latent  by  mutual  inductions,  and  the  polarisatioi 
of  the  dielectric  B.  Although  apparently  passive,  they  are  actually  in  »  state 
•f  high  tension,  as  may  be  proved  by  their  discharge. 

845.  The  diacharge  of  the  condenser  may  happen  in  Uiree 
ways : — Ist,  insensibly ;  by  the  imperfect  insulation  of  the  supports, 
enpecially  if  the  air  is  damp ;  but  always  gradually. 

2d,  by  the  disruptive  discharge.  If  the  plate,  6,  is  too  thin  m  refer- 
ence to  the  extent  of  surface  in  A  and  C,  the  tension  of  the  opposing 
fluids  will  OTercome  the  cohesion  of  the  glass,  B,  and  it  will  be  shivered 
in  pieces,  with  a  loud  explosion,  and  brilliant  spark.  The  same  spark 
and  explosion  may  take  place  without  destroying  the  dielectric,  if  we 
use  a  discharging  rod,  to  effect  communication  between  A  and  C.  Thii 
apparatus  is  either  single,  as  in  fig.  533  589 

588,  or  double,  as  in  fig.  589.  If 
this  rod  is  provided  with  glass  in- 
sulating handles  (as  in  the  figures), 
the  experimenter  feels  no  sensation ; 
but  otherwise,  or  if  A  and  G  are 
brought  into  connection  by  the 
naked  hands,  then  a  powerful  shock 
is  experienced,  convulsing  the  whole 
frame.  The  same  sensation,  in  a 
feeble  degree,  is  felt  when  the 
knuckle  receives  the  sparks  of  an  excited  machine. 

3d,  and  lastly,  the  charged  plates  may  be  slowly  discharged  by  alUr* 
note  connection  with  the  earth.  While  the  condenser  is  in  the  condition 
indicated  by  fig.  58G,  touch  0  with  the  finger ;  no  effect  follows ;  touch 
A,  and  a  feeble  spark  is  received ;  the  electroscope,  a,  falls,  while,  at 
the  same  instant,  that  on  G  is  raised  to  the  same  degree,  showing  that 
what  A  has  lost  in  free  positive  electricity,  G  has  gained  in  free  nega- 
tive fluid.  Touch  G  ;  a  slight  shock,  a  feeble  spark,  and  the  fall  of  the 
electroscope,  B,  ensue,  while  the  electroscope  on  A  again  manifests  its 
original  excitement.  Thus,  by  the  alternate  discharge  of  A  and  G,  the 
whole  of  their  disguised  fluids  are  gradually  set  free  and  discharged. 

846.  Volta'B   condensing  electroecope. — This  instrument  de 

pends  on  the  principles  just  explained,  and  is  used  to  render  sensible 

by  condensation,  electricity  of  too  feeble  a  tension  to  affect  the  ordinarj 

gold-leaf  el  Nitrometer. 

The  plate  A,  fig.  590,  is  covered  with  waxed  silk,  slightly  larger  than  iht 
disks;  this  takes  the  place  of  the  dielectric,  B,  fig.  580.  When  the  instrnmeal 
is  used  the  uppe^  plate  is  placed  in  the  position  shown  in  fig.  591,  and  its  sor 
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Bfga :     thia 
beightaDfld   bj 
inSueniM  of  two  little  biilli 
|)o1ubcd   brua,  riiiiiE   i 
tfae  glui  u  bigb  as  tbe 
Bdge  of  ths  gold  leftrsa. 

Dt.  Hate's  aingle  gold- 
leaf  electiometei.  — In 
this  inHtruDtent.  a  single  guld  leaf,  about  three  inches  long,  by  one-third 
of  an  inch  broad,  is  hung  lij  a  brass  rod  from  the  top  of  a  bell  or  globe, 
as.in  the  laat  instrument.  Immediately  opposite  to  the  lower  end  of 
the  leaf,  a  similar  rod  of  metal  pBeges  through  an  opening  in  the  Bide 
of  the  veBsel  carrying  a  gilded  disk  of  irood  or  paper  half  an  inch  in 
diameter.  This  lateral  rod  is  graduated  to  measure  small  distances. 
To  use  this  instrument,  the  lateral  rod  is  put  in  cummuaication  with 
tfae  earth,  and  an  electric  in  brought  in  contact  with  the  upper  dink, 
when,  if  the  distance  between  the  leaf  and  the  lower  disk  is  email,  the 
most  minute  attractive  force  is  detected.     In  the  original  AB3 

instrument.  Dr.  Hare  employed  a  plati 
insulating  handle,  and  one  of  copper  u: 
arranged   as   in  Volla's  eleotrometer,  when   the  simple 
Mpsration  of  these  two  disks  would  evince  a  tenfold  deli- 
cacy of  action  compared  to  Volla's  condenser.* 

847.  The  Ii«7deii  Jat. — Accident  led  to  the  discovery  ^ 
of  this  remarkable  piece  of  apparatus,  long  before  its 
principles  were  made  clear  by  the  condenser  of  .^pinus,  . 
and  the  explanations  of  Franklin.     It  consists  of  a  tbio    i 
glass  jar,  fig.  592,  coated  inside  and  outside  with  tin  foil,  '~'  -  - 
•s  far  as  the  bend  of  the  neck.     The  inner  surface  is  extended  by  ths 

•  Hsr**!  H«chaDii»1  Eleetricit;,  Philadelphu,  18S5,  p.  29. 


558 


PHYSICS  OF   IMPONDERABLE  AGENTS. 


wire,  carrying  a  brass  knob  at  top,  touching  the  inner  coating  bj  a 
piece  of  chain  or  wire,  and  sustained  in  its  place  by  passing  through 
A  non-conducting  coyer  of  dry  wood. 

The  reUtioDB  of  the  jar  and  the  two  metallic  coatings,  will  be  seen  by  llg.  693, 
showing  in  section  a  Lejden  jar,  the  parts  of  which  are  separable,  and  its  wire  bent 
conveniently  into  a  hook,  to  suspend  it  on  the  machine.  It  will  be  seen  at  »glaaee 
that  this  arrangement  is  identical  in  principle  with  the  condenser  of  iBpinns,  and 
the  electrical  plates  of  Franklin.  If  the  knob,  b,  of  the  Leyden  jar,  insulated 
upon  a  stand,  fig.  594,  is  presented  to  the  conductor,  a,  of  the  electrical  maohlDo 
in  action,  only  a  single  spark  or  so,  will  enter  it,  unless  504 

a  way  is  provided,  as  by  the  conductor,  c,  for  the  escape  of 
the  similar  electricity  from  the  exterior  coating,  593 
while  its  opposite  is  then  fixed  as  in  0,  fig.  587. 
The  eharging  of  the  jar  then  proceeds,  and  for 
every  spark  which  darts  from  a  to  6,  a  correspond- 
ing one  of  similar  electricity,  is  seen  to  escape 
from  the  outer  coating  to  c.  When  it  is  held  in 
the  hand,  the  same  efifect  follows  through  the  arm, 
accompanied  by  a  slight  twinge  in  the  nerves. 
Presently  the  point  of  saturation  is  reached,  and  the  two  decomposed  electricities 
are  latent  Either  coating  may  be  fearlessly  touched  alone,  but  as  soon  as  by  the 
discharger  or  otherwise,  communication  is  made  between  them,  a  load  snap  and 
brilliant  spark  follow  with  a  violent  shock. 

The  invention  of  the  Leyden  jar,  or  vial,  is  commonly  attributed  to  Cunieus 
or  Muschcnbroek  of  Leyden,  in  1746.  Von  Kleist,  dean  of  the  chapter  at  Comin, 
in  Pomorania,  also  independently  discovered  this  important  instrument  by  a 
similar  accident. 

With  a  view  to  fix  electricity  in  some  insulated  substance,  Cunaeus,  in  1748, 
led  electricity  into  a  small  vial  containing  water,  by  a  bent  nail  thrust  through 
the  cork,  and  hung  upon  the  prime  conductor.  Endeavoring,  in  one  of  these 
trials,  to  detach  the  vial  and  nail  from  the  electrical  machine,  Cunteus,  to  his 
great  amazement,  received  a  violent  shock.  Von  Kleist,  in  the  course  of  a 
valuable  series  of  experiments  (1745)  on  electricity,  led  the  fluid  by  a  brass 
wire  or  pin  into  a  bottle  containing  mercury.  "As  soon,"  be  says,  "as  this 
little  glass,  with  the  pin,  is  removed  from  the  electrical  machine,  a  flaming 
pencil  issues  from  it  so  long,  that  I  have  been  able  to  walk  sixty  paces  in  the 
room  with  this  little  burning  machine ;  and  if  the  finger  or  a  piece  of  money  be 
held  against  the  electrified  pin,  the  stroke  coming  out  is  so  strong  that  both 
arms  and  shoulders  are  shaken  thereby." 

This  discovery  of  so  wonderful  a  power  in  nature,  before  unsuspected,  created 
immense  excitement  over  the  civilized  world,  and  it  was  precisely  at  this  tame 
that  Franklin  immortalized  himself  by  his  contributions  to  the  new  science.  He 
explains  the  action  of  the  Leyden  vial  by  his  single  fluid  hjrpothesis,  in  his 
''  Observations  and  Experiments  on  Electricity,"  in  a  manner  which  mutt  ever 
win  for  him  the  reputation  of  a  profound  philo-  595 

sopher. 

848.  Electricity  in  the  Leyden  Jar 

resides  on  the  glass. — In  fig.  595,  the 

jar,  A,  is  composed  of  the  three  separable 

pieces ;  B,  the  glass,  C,  its  outer,  and  D, 

its  inner  metallic  coatings.    When  this  jar  is  charged,  and  set  on 
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iuBiilftting  fturfaer,  it  majr  be  sepftratad  into  its  diree  parts  without 
being  discharged ;  but  C  and  D  irill  then  be  found  b;  the  electniscupe 
entirelj  fr«e  from  excitement,  while  B  remains  stnjnglj  excited.  Put- 
ting the  parts  together  again  as  in  A,  the  jar  will  be  found  charged  an 
at  first,  if  the  air  is  dry.  sad  too  much  time  has  not  passed. 

849.  ThB  alflotrio  battery.— Ae  the  charge  of  the  Lejden  jar  is, 
other  things  being  equal,  directl;  as  its  surface,  large  jars  are  plainl; 
of  more  power  than  smnll  ones.  But  a  limit  of  siie  is  soon  reached, 
which  the  thickness  of  glass  required  for  strength,  and  other  circum- 
stances, render  it  unprofitable  to  puss.  Hence  Beveral  coateil  Jars,  of 
moderate  eiie,  are  united  by  joining  all  their  inner  coatings  by  metallic 
rods,  and  all  their  outer  coatings  b;  a  common  conducting  base,  as 
shown  in  fig.  596.  Such  an  arrangement  s«l 

is  called  an  dtctrieal  battery.  When 
charged  from  a  common  souroe,  and  dis- 
charged in  the  usual  way,  they  all  act  as 
one  great  jar,  tbe  result  being  nut  quite 
in  tbe  ratio  of  the  number  of  jars,  but  ^ 
nearly  so.  Hence,  the  smaller  tbe  num- 
ber, the  thinner  the  glass,  and  greater  the 
aiie  of  the  jars,  the  better,  and  sereral  ^ 
batteries  of  seven  and  nine  jars,  united  to  the  charging  rods  of  the 
central  jars,  are  preferable  to  more  eiteoded  single  series.  They  are 
charged  by  connecting  the  interior  with  the  prime  conduct^ir  by  t, 
and  the  exterior  with  the  earth.  If  the  battery  is  extensive,  and  the 
machine  powerful,  grenC  caution  is  requisite  to  avoid  receiving  its 
shock :  ail  accident  which  might  be  serious  in  its  oonsequences. 

The  bstterj  need  bj  Von  Harnm,  with  the  muhlne  slrcadj  noticed  [B3T),  em- 
bramd  ons  bundrcd  jsra,  each  tbirtnn  iocbea  in  dismet«r  and  two  feet  higb.  The 
eos(ed>Drfue<rsiifivehundreduidfl(V;>quiiiefHt  (HTasaanb&irfiwt  tDeach 
jar).    When  fully  charged,  its  force  was  irreiiatible.     A  bar  of  atoel  nine  ini^hc* 

full;  msgoetic  b;  the  diacbarge.  A  anull  iron  wire,  tirenlr-flve  fbet  long,  was 
deSagraled,  and  Tarioaa  metala  were  diaaipated  and  raiaad  in  Hipor,  nhen 
pland  in  the  circuit  of  diacherge.  A  book  of  200  pagei  waa  pierced  b;  it,  sad 
bJocka  of  bard  wood,  foni  incbei  aqaare,  iplit  into  fragmenta. 

850.  Diaobarge  in  caaoatle. — A  series  of  two  or  three  Leyden  jars 
may  be  plaead  horizontally  upon  insulating  stands,  so  that  the  interior 
of  each  aoaoeeding  one  may  receive  the  spark  from  (he  uoter  coatings 
of  the  one  preceding. 

This  nods  rf  ofaarging  eannol  be  carried  beyond  lito  or  three  jara.  oHing  Is 
the  aeeumDlab.d  reeigtanee  aoon  vilialiag  tbe  reanlt.  But  Mr.  BaKgi,  of  I.oodan, 
hsa  Tory  ingenioualj  contrived  an  electric  batlerj.  the  jara  of  which  arc  cburKcd 
together,  but  are  diacbarged  coDiecutively.  Each  Jar  it  supported  in  a  horiioDta] 
radlioB  on  a  vertica]  apindle,  tboir  koo  it,  while  being  charged,  pointing  oa»- 
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ir»rcl,  like  llm  miiii  of  ■  i-tn-lc,  Bnil  wlicin  (be  batlarr  i«  to  bo  iriKh«r^.L 
knnln,  by  ■  i|Hitr(fr  rnioluli.m,  art  braiiRbt  oppoBitc,  Hteh  to  ibo  liuU-ni  nl 
nrll  J«r,  In  tliii  wiiy  liM  disruptive  pgwnr  or  intnxilj  at  the  <|.»rk  it  mv 
pliml  u  Ibo  j«ri.  the  f-a»''>  nunminiuit  Uio  ttina.  Mr.  BoRitd  it  faid  In  li 
diivharpd  hi)  hUtrrj  of  ImvIt*  jarc  tbmugh  ■  Bfiia.  ut  UiriM  fwrt,  (i 
Jour.  Hoi-  [t]  VII   41!"-) 

ft^l.  The  DnlT0T««l  eUachftrg«r.— Viiri'Hi"  i-ontrifiiooei  «e  in 
for  regulating  or  inFnHuHiiK  die  diHclinrge  of  the  eleotric  li«tt«iy,  i 
tlio  single  jar.    Of  tliMe,  Henleji'M  m 

universal  ilUcliiirger,  fig.  59T,  i».  . 
perhaps,  tlie  m>i«t  uaeful.  By 
mEnnH  cif  tliis  aiinple  apparatus, 
ihe  eleutrii'Bl  fiuld  mn;  bn  innde  tu 
pruta  tliruugh  mij  BubBlanoe  plnced  ' 
upon  the  tiible,  (,  Twn  rods,  nltJ- 
ing  to  the  juinia  a  a',  end  la  baits, 
re',  covering  points  which  cat 
expiweiJ  by  their  removKl.  The  nid,  a',  eonneotfl  with  Ihf  positive  side 
ot  the  battery,  for  example,  ^hile  bj  the  dlni^harging  rod,  fig.  589. 
OurnmuDicHtion  can  be  made  at  pli^usure  between  a  and  tlie  negative 
side  of  the  battery,  by  a  chain  ot  metallic  thread, 

Tbo  ckarico  of  the  batlfry  idiIl;  ho  preiealed  from  piutiag  ft  giroB  limit,  bj 
nsitig  tbfl  diflDbaFgEn^  olDctrouDtora  of  Luda  nt  CntbhorttoD,  in  whtt^b  a  ball  b 

Ita  charge  reacboA  the  proper  t^niioo,  it  di«obargei  ilaelf. 

A  beButifiil  iiluBtration  of  the  slow  dineharge  of  a  oharged  jar  a 
seen  in  fig.  598.  where  a  charged  Leyden  jar,  with  n  nmall  bell  in 
place  of  the  knob,  in  net  upon  a  board,  iSH 

near  to  a  little  brass  ball,  hung  from  a 
silken  thread,  upon  a  wire,  currying  s 
sewn^  bell  Id  connection  with  the  earth 
by  AB.  The  efeet  is,  that  the  +  elec- 
tricily  of  the  jar  attracts  the  little  hall, 
lut  after  striking  the  bell,  the  ball  ie  re- 
pelled, until,  coming  in  contact  with  the 
Diher  bell,  it  is  discharged,  and  so  on  for 
ninny  hours,  this  little  chime  is  run<;  by 
the  electrical  pendulum. 

852.  Tha  eloctric  apBrk.—Tb.'  .  U- 
trio  light  and  upark  result  from  lln'   n        •  ;J^ 
union  of  the  two  eleclricities  iti  tli"  air. 
In  a  vai-niim  there  is  no  j/mrA  (lig,  (KJl). 
The  ilgiag  path  of  the  spark  and  of  lightning  is  due  to  the  rMislWtce 
of  the  air     Every  electrical  discharge  produceii  exponaion  of  the  air. 
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xnd  the  furm  und  culiir  of  the  epnrL  are  muteriftlly  influereeil  by  Ihe 
Jenoitj  and  chcDikal  compueition  of  the  goMous  mediuiu  tlimugL 
which  it  pHMie.  The  charneter  of  the  spnrlis  ilep^nda  also  on  the  furm, 
area,  and  electrical  iDteusitj  of  the  diaclinrging  aurfocea,  likeniHe  on 
the  kind  iiT  etuctricitj  on  the  uonJuctor  in  which  the  spark  oHgloatCH ; 
from  the  oegative  conductor  the  sparks  are  fnr  leas  deoae  and  powfirful 
than  those  from  pusitive  electricitj.  iV9 

Kinneraley's  thermometer,   flg,  fisn.  ahn* 


as>»ti 


A  pnrtioa  i 

ia  nit'tiglit,  comniantDateB  frBei;  irUb  Ibe  iinkll  apeu  luhs, 
•ttwibed  to  thg  TodI,  ud  onding  ia  k  dutdw  gU»  tube. 
When  u  ileclricsl  ducbarite  t>k«B  p\nce  Uimagh  Lhe  ap- 
parmtna,  Iha  cDOFeqnenl  eipiuisioD  vt  the  ut  Tialcotl;  ralies 
lbs  calumii  in  tbe  emullor  tube,  bul,  nSler  tbs  raDimolion  li 
oier,  tba  fluid  gradaallj  rajtuai  ita  Driginal  leval.  aa  iba 
air  in  tba  larger  Teaaol  coula,  rUt  dcnriral  m«r'nr  di<- 
cbarg«a  iu  ball  by  the  tune  of  air  expanJud  at  [be  raomenl 

The  color  of  the  eleatiioal  apark. — Farndnj 

ubsorved  that  in  air,  oiygen,  and  dry  clibrohydric 
Bi^id  gus,  (he  Bpark  wixa  white,  vith  a  light  bluish 
ihado,  enpecijilly  in  air.  In  the  heavy  thunder- 
slorou  eommoD  in  an  American  sumiDeri  the  light 
of  a  powerful  Sash  of  lightoiag  ia  distioctly  purple, 
and  someh'mea  Tiolet.  In  nitrogen  it  ia  blue  or  ; 
purple,  and  gives  a  remarkable  sound ;  in  hydro^n 
it  ia  arimsoti,  and  dianppesra  when  the  gas  is  rare- 
fied; in  carbonic  acid  the  color  is  green,  and  the  form  of  spark  verj 
irregular ;  in  oiyd  of  carbon  it  io  eoroetimea  green  and  sometimea  red ; 


The  eI«otrleaI  ditcharge  in 
a  vacaum,  becomea  an  uvoidal 
tuft  of  light,  uniting  the  con- 
ductors. The  opparatus,  fig.  601,  is  designed  to  show  these  cffoot* 
K  large  egg-shaped  gloss  vuasel  is  mounted  at  the  lower  estremi^ 
»-ith  a  niop-oouk,  for  attouhing   it  to   the   air-pump,  Id   order  to  » 
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int.Te  the  whole  or  a  pnrt  of  the  air.  or  to  replnoe  it  by  rajHir 
filcohol,  etlier.  or  any  otliBr  gM  nnt  nctiug  tin  SOI 

brass.  By  the  roil.  A,  connection  UeBtablishail 
with  the  electrtnal  ninohiDB.  while  the  di 
between  the  eleutriual  poles,  B  C.  may  be 
ad3u«t«d  hy  sliding  the  upper  rod  in  its  air- 
tight goflltBt.  This  apparaluB  in  called  the 
eleutricnl  or  philnguphiuul  egg.  The  rarer  the 
air,  tbe  mnre  globular  beci>mos  the  iphemid. 
and,  at  the  same  tim«,  leM  brilliant.  The 
iturarat  lubt  is  only  a  modification  ot  the  siiriie 
appnratus. 

Thin  Kppitrittui  ta  alio  lueil  nitb  apkndid 


.  Jnductio 


r,M. 


DlSsrence  betireen  tbe  poaitlTe  and 
□egatiTe  apaik. — The  tuft  <iT  light  fmni 
pDHitive  eleutriiiiiy  ia  far  more  beautiful  tliuii 
that  from  negative,  as  seen  from 
the  ends   uf    two   points.     ThuR, 


Faraday  su;;gests  that  they  are  due,  chiefly,  to  the  graater  faoUity 
nhicb  iiegHtive  electricity  escapes  in  air,  than  603 

ive,  as  conductors  negatively  charged,  lone  their 
T  tbun  those  positively  charged. 
The  diamond  jai.— To  show  that  tbe  wwtings  of 
the  jar  convey  the  electricity  coUecled  on  the  glaas 
ti>  the  point  where  it  meets  tbe  cause  of  discharfre,  a 
jar  may  Ije  coated  with  metallic  filings,  fig.  603,  or 
patches  of  tin-full,  fig.  604,  cut  in  tutenges 
(a  diamond  jar).    The  wire  uf  the  jar  Is 
bent  over,  as  in  fig.  003.  so  ns  to  bring  the 
ball  near  the  outer  coating,  which  urmnecti 
by  a  chain  with  the  earth.     When  the  ma 
chine  {on  whose  arm  this  jar  is  hung)  ii 
Worked,  a  brilliant  spark  Is  seen  at  inter 
vals   to  dart  from  the  knob  to   the   uuier  B 
coatiug,  and  theni^e   to  spread   in   zlgxiin  n 
courses  over  the  whole  snrfara 
SolntUlatlug  tabe  and  magic  aqnatee,  t 
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of  apparatus,  illustnitive  nf  the  phenomena  of  tlie  electric  spark.     Tha 
lointillaUng  tube.  Bg,  005.  like  tlie  jnr,  tig.  C04,  hoB  ruws  of  lotenge- 


Ebaped  pieces  of  tin-foil  pasted  on  it«  interior,  asuall;  in  a  spiral,  and, 
when  held  bj  the  haad.  as  shown  in  the  figure,  the  electricity  Saahea 
from  point  to  point  at  tlic  same  apparent  instant,  producing  a  moat 


Bk.  003. 

S53.  ESecU  of  the  eleotrio 
diBchaige. — The  effects  of  ihe 
electri«  diHoharga  are  chiefly, 
Isl,  ph^Biologionl ;  2d,  physi- 
cal;  3d,  mechanical;  4th,  che-  "  =  " -_ 
tnical.  The  pnanage  of  the  elcclriuitiea  through  bodiei 
impeded  by  their  bad  conducting  pnwer.  or  by  wunt  of  proper  dimen- 
aions ;  and,  in  either  case,  •  powerful  eleclric  dischurga  manifeeta  itself 
in  one  i>f  lliuse  nirjdea. 

854.  Phyalological  eSecta. — These  are  seen  in  the  shock  eiperi- 
enced  hy  all  living  beingi'.  in  Ibe  paHsnge  of  electricity  through  any 
of  their  members.  Any  number  of  perBons.  joined  band  (o  hand,  will 
receive,  at  the  same  initont,  the  ehofk  of  an  electrio  battery.  Abb£ 
Nullet  imparted  it  to  over  tt'ix  hundred  peraons  in  his  convent  at  one 
lime'-thnse  in  the  middle  of  tlie  vhaln  being  tittle  less  affected  thar, 
those  near  the  couducltjTB. 


M.nj  uj 
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tbli  aitsnl  in  mnlioine.*  II  Diiwla  hardly  to  t*  «!>1,  tbsl  tlic  full  tbatk  or  ■ 
iniworrul  bultvr/  itill  ilEatrDy  Ulo  in  lawi.  EpMk»,  Bn«ii  or  vighuuui  iocbn 
lonf;,  boRin  In  b«  unmirK,  if  frnin  Itrge  lUffuwa.  Rinull  Jtn'imKli,  u  bird*,  an 
MdUy  kitW  b)'  ■  DiiKlvntliu  iliai:bar;fB,  on  Ilia  (alfJv  uf  tJio  Dnivena]  diefbarger^ 

Fig.  m. 

8.'iS.  Inflamautloo  f>(  combvtiblM.— Altlioagh  no  wnitc  uf  heni 
ii  I'eltwbeii  tliH  Itiiueklii  rui^itlveit  Ktruni:  Bpnrlu  from  anaetWu  niKchine. 
yet  llifl  RDiiillcft  «|>ark  ferven  to  inflame  flher.  nhetlirr  frnm  •  Leyderi 
jar,  from  tliu  finger,  iir.  tuura  slrikliiglj.  t'ruui  nn  iuk-ls  huld  in  ihe 
Augers  •>(  iiue  muuuMil  od  aa  iptiukling  not 

Tha  elber  i>  pluccd  ia  a  bbIbIUb  nip,  and  Iba 
■puk  ibould  bailiavn  on  lU  edge  moiMeDod  with 
olhsr,  tig.  flflT.  Qunpawder  pluwd  on  tha  table 
gf  Iba  onivBraa)  ditcbargtr,  urar  Ifac  /iuihIi  u( 
Ifae  rodi,  a  n'.  Gg.  597.  Ii  liinplf  Ihroini  ahoat, 
without  hulng  flred;  bat  U  a  wet  ilrini 
|il*M  of  nna  uf  the  eandneUni  irtrcs.  forDi* 
of  tba  anancttlna,  itt  ntnrdiag  poncr  is  auirh  u  | 
bi  Are  tba  powder.  Tba  lighting  uf  giu  I 
Iba  Dni^r  of  oaa  charged  b;  tanniog  an  a 
pat,  ba(  alrud]P  been  maDtiotiod  (1^40,  (3)  )  L;«ip'HliDni,  alrobol,  a  newij 
eillnguished  candle,  and  many  other  comhuetiblai.  are  aim  euilf  iiiBiinad  by 
the  aparlc.  Qold  leaF  fodBdqiI  betmen  two  kIm  plw»  with  Iba  rdgif  hang. 
ing  nut.  will  bum  wTlh  the  exploiiian  nf  iJie  i;lw>9.  and,  if  held  between  eardi. 
will  lUin  thum  wilb  purpla  <iif  d  of  g<M,     ^ilfaoiic^lle  likanefaet  at  Flaaklia 

S^G.   Cbemlcal  union  effected  by  electricity. — A  miilure  of 

hydrogen  twu  volumes,  aijil  of  oijuoii  one  mlump,  or  of  hydnigen  with 


ir  eight  times  ibi  vulai 
piissing  through  the  cniitaining  vessel,  e.  g. 
the  tiu   Mr-pinlol.  ualled   "  Voita's  piBtiil," 
flg.  608,  is  proTided  with  an  iDHulitted  coi- 
ductor,  ending  near  the  inner  (jn^ 

Burfiiua  of  the  pisl^ii  at  B. 
lu  mouth  is  closed  tightly 
hj  ■  cork,  and  Uie  spnrk 
caused  lo  paas  by  holding 
it  tieur  the  prime  conductor, 
fin.  609,  or  to  the  electro- 
phoTua.  The  cork  is  than 
violently  expelled,  by  the  eipnp«ion 

■o-rhyfiokigy,  Poi' 


tipliided  bj  a  »p»rk 


I 


I 
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Volta'B  eleotiical  lamp.— A  gelf-regulolmg  hydrogen  apparatus  ia 
leen  in  fi^.  SIO.  similnr  in  its  ai-ticm  to  the  cummon  lijJrugon  Iftrop. 
with  placiDiim  sponge.  In  iU  base  drawer 
is  BD  elMlrophorus,  rP.  the  plate,  P,  of 
whiuh  is  nlway*  uharged.  A  ailk  atrd 
sunnnots  the  upper  plaie  P,  with  the  gsa 
omIi,  R,  in  such  it  vuj  that  when  the  guB 
in  T  is  drawn,  the  comniunication  ia  ef- 
fecled  at  o,  with  the  insulutod  wiro,  f, 
and  the  eWtricitj  thus  finds  its  waj  in 
■  Bpnrk  between  the  buttons  at  0,  and 
esuapee  m  the  earth  hj  (.  As  the  hjdro- 
gtn  is  flowing  at  that  moment  rrtim  the 
jet,  it  is  inflamed,  and  kindlea  a  iitlle  | 
candle  standing  in  ila  path.  ETCrj  li 
the  cock,  R,  is  moTed.  the  plate.  P,  rii 
and  tHimmunicateB  a  spnrk.     With  a 

85T.  The  meobanlcBl  eSocta  orthe  olBctiical  diBcharge. — Any 
thin  non-conducting  subataiiue  placed  lietween  the  balls  of  the  univer- 
■al  discharger,  ia  either  pierced  or  broken  where  the  fluid  pOKsea.  Ths 
phenomena  attending  these  eiperiments  are  curious  and  inslractivo  in 
point  of  theorj. 

Wbea  a  thin  pien  of  glui,  c,  ii  glicsd  in  tho  poaition  awD  In  tg.  BII, 
belwoen  the  pnlnu  of  (he  candncton,  "  &,  a  iinalL  hnla  will  be  mailB  tbrouxh 
ths  gUii,  M  if  irith  ■  itrill.  proTided  the  efect  of  the  fluid  u  cimrBotratcd  by 
placiDS  ■  drop  of  oil  it  the  point  to  ha  pforrod.  The  hole  ie  circular.  Marred, 
and  iu  edgaa  imooih,  and  tnmatimes  it  remaini  ailsd  with  tha  powdered 
glass  in  Sne  duit,  lasil;  remoiod.  It  requireg  a  powerful  batMr;  to  pierro 
glaa.  one-lwelfth  of  an  inch  thiek.  .,, 

If  a  oard  ii  placed  in  the  path  of  the  fluid,  it  in  pieroed  with 
a  ruiad  edge  (burr)  od  both  aidea  of 
tba  bole.     Wbeo   Iha  card   ia  placed 
obliquely,  aa  aeen  in  Ok-  112,  bell 


being  raiud,  or  thieksnad, 
■taiica  dua,  prubablj,  to  tha  decompo- 
tition  ..r  Iha  neutral  fluid  in  the  card, 
oHatiaolng  a  mahof  elertricit^  in  both 
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tare,  or  dispersion  of  non-conduotlng  bodies,  maj  be  gathered  from  the  largwi 
treatises. 

858.  The  chemical  effects  of  statical  eleotricitj  are  generally  fee- 
ble. BesideK  those  before  alluded  to  (856),  Wollaston,  with  very  fine 
points  of  gold  wire  immersed  in  water,  decomposed  water  in  very 
small  quantity.  A  paper  moistened  with  iodid  or  brumid  of  potassium, 
is  stained  brown  by  the  electrical  discharge  when  it  is  laid  upon  the 
scintillating  square  (fig.  600).  defiant  gas,  sulphuric  acid,  chlorohy- 
dric  acid,  ammonia,  and  nitrous  oxyd,  are  decomposed  by  the  electric 
discharge,  with  the  separation  of  their  constituent  elements,  and  car- 
bonic acid  is  decomposed  into  oxygen,  and  oxyd  of  carbon.  The  ele> 
ments  ^f  the  air  unite  under  a  prolonged  series  of  sparks  (PriesUey), 
to  form  nitric  acid  (Cavendish),  and  lightning  in  the  atmosphere  forms 

•  the  same  compound,  as  the  analysis  of  rain-water  has  shown  (Liebig). 
Numerous  other  evidences  of  the  chemical  effects  of  electricity  have 
been  recorded ;  perhaps  the  most  important  of  these,  is  that  atmo- 
spheric effect,  called  ozone. 

859.  Ozone. — This  term  is  derived  from  the  Greek,  in  allusion  to 
the  peculiar  odor  which  is  always  fTerceived  after  an  electrical  discharge 
or  excitation  of  a  machine,  and  sometimes  improperly  compared  to  the 
odor  of  sulphur,  which  it  does  not  at  all  resemble.  It  is  due  to  a  re- 
markable state  or  condition  induced  in  oxygen  gas  by  electricity  (and 
by  several  other  causes  also).  Mr.  Schonbein,  of  Basle,  has  devoted 
himself  to  the  study  of  the  curious  properties  of  this  singular  product, 
the  record  of  which  belongs  rather  to  Chemistry  than  to  Physics. 

VI.     ATMOSPHERIC  ELICTRICITT. 

860.  Franklin's  kite. — We  owe  to  Dr.  Franklin  the  demonstration 
that  the  phenomena  of  a  thunder-storm  are  doe  to  electricity,  identical 
with  that  excited  in  electrical  experiments.  He  proposed  two  modes, 
in  1749,  by  which  he  supposed  electricity  might  be  drawn  from  the 
clouds.  Dalibard,  at  his  suggestion,  erected  in  the  open  air  near  Paris, 
in  1752,  a  pointed  and  insulated  iron  rod,  40  feet  long.  On  the  10th 
of  May,  1752,  electrical  sparks  were  obtained  from  this  rod,  with  the 
usual  snapping  sound.  In  Juno  of  the  same  year,  Franklin,  tired  of 
waiting  for  the  erection  of  a  tall  spire  in  Philadelphia  on  which  to 
place  his  pointed  conductor,  conceived  the  idea  of  reaching  the  higher 
regions  of  the  air  by  a  kite.  This  he  formed  of  a  silk  handkerchief 
stretched  over  two  light  cedar  sticks.  It  had  a  pointed  wire  at  top, 
and  a  silken  cord  insulated  the  hempen  string,  at  the  lower  end  of  which 
he  tied  an  iron  key. 

Watching  the  approach  of  a  thunder-storm,  he  raised  the  kite,  and 
soon  had  the  satisfaction  of  seeing  the  fibres  of  the  hempen  string 
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bristle  and  repel  ench  other,  and  finally  when  the  rain  had  rendered 
the  string  sufficiently  a  conductor,  he  enjoyed  the  unspeakable  satisfac 
tion  of  seeing  long  electrical  sparks  dart  from  the  iron  key.  Thus  was 
realized  by  actual  experiment  one  of  the  boldest  conceptions  and  most 
interesting  disooyeries  in  the  history  of  science. 

Bffbrtfl  have  been  made  to  rob  Franklin  of  tbe  bonor  of  tbis  discovery,  but  if 
it  one  thing  to  suggest  that  two  phenomena  may  be  identical,  and  quite  anothei 
thing  to  prove  it.     Dalibard's  experiments  were  undertaken  at  Franklin's  sug 
gestions  and  hardly  preceded  his  own  in  date. 

These  experiments  were  everywhere  repeated,  and  it  soon  became  evident  thai 
they  were  far  from  being  free  from  danger.  Romas,  in  June,  1753,  during  a 
thunder-storm  in  France,  drew  flashes  of  electrical  fire  ten  feet  long,  from  a  kite 
r.U8ed  by  a  string  550  feet  long.  The  experiment  was  accompanied  by  every 
evidence  of  intense  electrical  tension  in  the  attraction  of  straws,  the  sensation 
of  spiders'  webs  over  the  faces  of  the  spectators,  and  in  the  loud  reports  and 
roaring  sounds,  similar  to  the  noise  of  a  large  bellows.  In  August,  175.3,  Prof. 
Richmann,  of  St.  Petersburgh,  lost  his  life  while  engaged  in  similar  experiments. 
Cavallo,  in  London,  in  1777,  obtained  enormous  quantities  of  atmospheric  elec- 
tricity by  an  electrical  kite,  and  noticed  that  it  frequently  changed  its  character 
as  the  kite  passed  through  different  layers  of  the  air.  In  telegraph  ofSces  during 
a  thunder-storm,  vivid  sparks,  often  very  inconvenient  and  not  without  danger, 
are  constantly  flowing  from  the  receiving  instruments,  being  induced  on  the 
teiepraph  wires  Arom  the  atmosphere,  during  thunder-storms.  (Henry,  Am. 
Jour.  Sci.  [2]  III.  26.) 

861.  Free  electricity  in  the  atmoaphere. — That  the  atmosphere, 
besides  the  combined  electricity  proper  to  it,  contains  also  at  all  times 
free  electricity,  is  proved  by  raising  an  insulated  conductor  a  few  feet 
into  the  air,  as  by  a  long  fishing-rod,  and  connecting  it  with  the  con- 
denser of  the  electrometer,  the  leaves  of  which  will  diverge  sensibly 
when  there  is  no  sign  of  any  thunder-storm.  Near  the  earth  (say  within 
three  or  four  feet),  no  evidence  of  free  electricity  can  be  detected,  but 
as  we  rise  in  the  air,  its  force  constantly  increases.  Becquerel  and 
Breschet,  sent  up  arrows,  attached  to  a  tinsel  cord  ninety  yards  long, 
from  the  top  of  the  Great  St.  Bernard,  while  the  other  end  was  con- 
nected with  the  condenser  of  an  electrometer ;  they  found  that  the  gold 
leavae  diverged  in  proportion  as  the  arrow  rose  higher. 

It  appears  from  experiments  like  these  and  others  made  chiefly  by  Ronalds, 
of  Kew,  that  the  atmospheric  electricity  increases  and  decreases  daily,  twice  in 
twenty-four  hours,  and  the  following  general  results  are  established. 

Ist.  The  electricity  of  the  air  is  always  positive— is  fullest  at  night — increases 
after  sunrise — diminishes  towards  noon — increases  again  towards  sunset,  and 
then  decreases  towards  night,  after  which  it  again  increases.    . 

3d.  The  electrical  state  of  the  apparatus  is  disturbed  by  fogs,  rain,  hail,  sleet, 
or  snow.  It  is  negative  when  these  approach,  and  then  changes  frequently  to 
positive,  with  subsequent  continued  changes  every  three  or  four  minutes. 

8d.  Clouds  also,  as  they  approach,  disturb  the  apparatus  in  a  similar  way, 
mad  produce  sparks  from  the  insulated  conductor  in  rapid  succession,  so  that 
•r  explosive  stream  of  electricity  rushes  to  the  receiving  pole,  which  should  be 


hes 
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pafsed  off  to  the  earth.    Similarly  powerful  effoota  freqaently  attead  »  dririnf 
fug  and  heavy  rain. 

Crosse,  of  England,  hod  over  a  mile  of  insulated  wire  sustained  on  poles  on« 
hundred  feet  high  above  the  tall  trees  of  his  park,  connecting  by  pointed  eondac- 
tors  with  his  laboratory,  where  he  has  frequently  colleeted,  during  a  heavy  fog, 
electricity  enough  to  charge  and  discharge  a  battery  of  fifty  jars,  and  Mventj- 
throe  square  feet  of  coated  surface,  twenty  times  in  a  minute,  with  a  report  ai 
loud  as  that  of  a  cannon. 

Numerous  hypotheses  have  been  put  forward  to  aocouut  for  what  has 
been  considered  the  free  electricity  of  the  atmosphere.  Prof.  HeDry, 
after  an  attentive  study  of  the  whole  subject,  feels  oompelled  to  reject 
them  all  as  insufficient  except  that  of  Peltier,  which  refers  these  pheno- 
mena not  to  the  excitement  of  the  air,  but  to  the  inductive  action  of  the 
earth  on  its  non-conducting  aerial  envelope.  This  view  involves  the 
assumption  that  the  earth  was  in  some  way  primarily  electrified.  It  ii 
a  fact  that  the  earth  is  always  in  a  state  of  negative  excitement,  as  was 
shown  by  Volta,  who  for  this  purpose  received  the  spray  from  a  cascade 
on  the  balls  of  a  sensitive  electrometer,  when  the  leaves  diverged  with 
negative  electricity.  (See  an  able  article  on  Atroospherio  Electricitj 
by  Prof.  Henry,  Patent  Office  Report,  Agriculture,  1859,  p.  485.) 

The  subject  of  atmospheric  electricity,  especially  the  description  of 
electric  meteors,  is  mure  properly  referred  to  Meteorology. 

i  3.  Dynamical  Xneotricity. 

I.    GALVANISM  AND  YOLTAISM. 

862.  Discovery  of  galvanism. — In  1786,  Luigi  Galvani,  professor 
of  anatomy  in  the  University  of  Bologna,  while  engaged  upon  a  long 
series  of  observations  on  the  effects  of  atmospheric  electricity  upon 
animal  organisms,  noticed  that  the  legs  of  some  frogs,  prepared  for 
experiments,  became  convulsed,  although  dead  and  mutilated — when 
the  vertcbraB,  with  portions  of  the  lumbar  nerves,  were  pressed  against 
the  iron  railing  of  the  window  balcony  where  they  613 

were  placed,  awaiting  the  use  for  which  they  had 
been  designed.  Repeating  this  novel  and  curious 
observation  in  various  ways,  he  soon  found  that 
the  convulsions  were  strongest  when  he  made  con- 
nection by  means  of  itoo  metals  between  the  lumbar 
nerves,  and  the  exterior  muscles  denuded  of  the 
skin,  as  shown  in  fig.  613,  where  rods  of  copper  and 
zinc,  being  thus  held,  convulse  the  leg  into  the 
position  shown  by  the  dotted  line.  But  contact  of 
metals  with  the  animal  tissues  he  found  not  to  be 
essential  to  produce  these  convulsions,  since  they  occur  also  bj  contact 
of  the  exterior  m^icous  with  the  interior  nervous  surface. 
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To  repeat  OalTani's  experiment,  strip  the  skin  Arom  the  legs  of  a  vigorous 
frog  and  cut  the  animal  in  two,  an  inch  above  the  thighs.  Expose  the  lumbar 
nerves  within  and  on  either  side  of  the  backbone,  by  pushing  aside  the  muscles 
witlf  the  finger,  so  that  the  point  of  an  arc  of  the  two  metals  may  touch  the 
nerves ;  then  bring  the  other  metal  rod  into  contact  with  any  portion  of  the 
outer  surface,  and  strong  twitchings  will  be  developed  as  if  the  animal  was 
alive,  both  on  touching  and  removing  the  rod,  even  some  hours  after  death. 

The  galvanio  fluid. — Galvani  regarded  the  convulsions  of  the  frog 

as  excited  by  a  nervous  or  vital  fluid,  which  passed  from  the  nerves  to 

the  muscles  by  way  of  the  exterior  communication  established  between 

them:  this  fluid,  in  his  view,  existed  in  the  nerves,  it  travorsed  the 

metallic  arc,  and  falling  on  the  muscles,  it  contracted  them,  like  the 

electric  discharge. 

Galvani  was  an  anatomist  and  physiologist,  and  not  a  chemist  or  physicist 
He  did  not  work  out  all  the  teachings  of  his  own  discovery,  being  more  inte- 
rested in  demonstrating,  as  he  did,  the  existence  of  a  true  animal  electricity, 
developed  between  the  outer  surface  and  the  nerves.  The  physical  branch  of 
the  subject  he  left  to  others,  and  chiefly  to  Volta,  devoting  the  few  remaining 
years  of  his  life  to  the  study  of  animal  electricity.  Volta's  doctrines  Galvani 
never  accepted,  and  died  in  1798,  before  the  Voltaic  Pile  was  given  to  the  world. 
In  the  department  of  vital  electricity,  Galvani's  labors  have  been  justly  appre- 
ciated only  in  our  time,  having  been  naturally  eclipsed  in  his  own  by  the  splendid 
discovery  of  the  Voltaic  Pile,  and  the  crowd  of  wonders  following  in  its  train. 

The  story  usually  found  in  text  books,  of  the  accidental  discovery,  in  1790, 
of  the  new  science  by  the  twitching  of  frogs'  legs,  prepared  for  the  repast  of 
Madam  Galvani,  is  a  fabrication  of  Alibert,  an  Itajian  writer  of  no  repute. 
Galvani  had  then  been  for  eleven  years  engaged  upon  a  laborious  series  of 
electro-physiological  experiments,  using  frogs'  legs  a«  eUetro«erope§.  No  great 
truth  was  ever  discovered  by  accident^  and  years  of  laborious  research  had  pre- 
pared the  way  for  this  discovery.  It  is  undoubtedly  true  that  what  we  find  is 
often  more  important  than  what  we  seek,  but  it  is  reteareh  and  not  accident 
which  makes  the  discovery.  Every  hypothesis  is  good  which  bears  fruit  in  dis- 
covery ;  but  to  accept  the  discovery  and  reject  the  hypothesis  when  no  longer 
fruitful,  requires  all  the  self-denial  of  the  highest  philosophy,  and  is  a  noble 
attribute  of  the  greatest  minds. 

863.  Origin  of  Volta*8  discovery. — Contact  theory. — Adopting 
at  the  outset  with  the  greatest  enthusiasm  the  vitalist  hypothesis  of 
Galvani,  Volta  came,  af^er  no  long  time,  to  the  conviction  that  the 
electrical  effects  attributed  by  Qalvani  to  the  animal  electricity  of  the 
frog,  were  really  due  to  the  contact  of  dissimilar  substances,  and  that 
the  frogs'  limbs  were  only  the  sensitive  electn)acope,  adapted  to  indicate 
the  electrical  current  developed  by  the  two  unlike  metals.  Each  disco- 
verer saw  but  half  the  truth.  Thus  originated  his  celebrated  "  contact 
theory;**  a  view  of  the  source  of  dynamic  electricity,  that  long  held 
almost  universal  sway  over  scientific  opinion  until  gradually  supplanted 
by  the  electro-chemical  theory,  which  refers  these  phenomena  to  chemical 
action. 


570  PBTSICS   OF   IMPONDERABLS  AGENTS. 

By  tht  use  of  his  condeosing  electrometer  (846),  Volta  souf  hi  to  estaUlsh  tli« 
dontaot  tbeory  by  a  great  number  of  well-devised  experiments.  Being  assared 
of  tiie  passive  state  of  the  electrometer,  he  established  eommnnieation  betweoi 
the  earth  and  the  upper  plate  by  the  moistened  fingers,  while  at  the  same*  taoM 
a  bit  of  lino  plate  held  also  in  the  moistened  fingers  of  tlie  otiier  hand  is  plaeed 
in  contact  with  the  lower  plate ;  after  a  single  instant^  contact  is  broken,  and 
on  raising  the  upper  plate,  the  gold  leaves  diverge.  Whence  the  electeieity? 
Volta  replied,  **  from  the  contact  of  the  two  unlike  substances,"  overlooking  the 
fact  that  there  was  a  chemical  action,  due  to  the  effect  of  the  moist  fingers  on 
the  sine.  As  the  plate  touched  by  the  sine  became  positive,  and  the  eopper 
negative,  he  aflsumod  that  there  was  an  **  electromotive  /ort^^*  capable  of  derelop- 
ing  these  electrical  states  in  the  two  metals  as  a  result  of  eimpU  contact,  Thte 
ezperimcDt  was  repeated  with  conductors  of  every  sort,  and  always,  when  one 
of  them  was  an  alterable  substance,  with  the  same  results.  He  divided  conduct- 
ing bodies  into  two  classes ;  the  first  class,  including  the  metals,  metallic  ores, 
and  carbon,  be  calls  electromotors ;  the  second  class  contains  liquids,  saline  lolu- 
tions,  animal  tissues,  Ac.  He  found  that  a  double  combination  of  three  elements, 
so  arranged  that  their  order  was  reversed,  neutralised  each  other,  and  prodaeed 
no  spasm  in  the  frog's  legs,  which  he  uniformly  used  as  an  eleotrosoope.  This 
was  in  1796,  four  years  in  advance  of  the  date  usually  assigned  as  that  of  the 
invention  of  the  Voltaic  pile. 

Passing  over  the  long  controversy  between  Volta  and  his  ootemporariei,  we 
come  to  the  essential  fundamental  fact  of  Volta's  discovery,  vis. :  that  certain 
metaUf  and  particularly  the  oxtfdizable  metale,  dieenga^e  electricity  and  charge 
the  eondeneerf  when  plaeed  in  the  conditioHe  juet  deecHhed, 

This  diecovcry  immediately  led  to  the  second,  and  by  far  the  moAt 
celebrated  of  Volta's  discoveries,  viz.,  the  Voltaic  pile,  or  battery, 

864.  Volta*8  pile,  or  the  Voltaio  battery. — Every  form  of  appa- 
ratus designed  to  produce  a  current  of  dynamic  electricity  is  called  a 
battery  or  pile.  Volta's  original  apparatus  was,  as  its  name  implies,  a 
pile  of  alternate  silver  and  zinc  disks,  laid  up  as  in  fig.  614,  with  disks 
of  paper  or  cloth  between  them,  moistened  with  brine,  or  acid  water. 
This  arrangement  was  more  commonly  made  with  alternate  disks  of 
copper  (C)  and  zinc  (Z),  care  being  taken  always  to  observe  the  order, 
copper— cloth — zinc.  The  terminal  disks  were  provided  with  ears  for 
the  convenient  attachment  of  wires.  Thus  arranged,  the  following 
characteristic  results  are  observed.  1st.  The  pile  being  insulated  by 
glass  or  resin,  touch  Z  with  the  plate  of  the  condenser  (covered  with 
silk),  while  the  finger  rests  on  C,  and  then  apply  the  plate  to  the  con- 
denser ;  the  gold  leaves  will  indicate  strong  vitreous  electricity.  2d. 
Reverse  this  order,  touching  C  with  the  plate  while  the  finger  is  on  Z, 
and  a  strong  charge  of  resinous  electricity  is  received. 

The  pile  may  be  regarded  as  a  Leyden  jar,  or  electrical  battery,  per- 
petually charged,  and  capable  of  re-charging  itself  as  long  as  the  given 
conditions  are  maintained. 

Til  3/tQ  results  may  be  repeated  an  indefinite  number  of  times,  as  long 


nsity  of  tlie  action  ii  direatlj  aa 
c  may  be  si>litereil  together. 
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■H  the  clotha  remain  moist,  and  the  int 
the  number  of  plntes  in  the  pile. 

Eiiuh  luuohini;  couplet  ii(  unpper  on 
knd  ia  then  called  a  couple,  pair,  or  voltaic  etement.     Any  tnu  n 
of  uulike  properties  may  bo  tulutituled  Fur  the  (11* 

lioo  and  copper,  with  tbe  game  resalle. 

The  end  af  the  pile  irhich  yielda  TitTe<iU5 
eleetrioity  is  called  its  potitiee  pole,  and  Ihnt 
which  yields  reslniius  e1ecirii;i(y  is  called  the 
negative  pole ;  a  name  also  applied  to  the  wirra 
or  u»nduetuT8  connecting  tbe  two  piiles. 

Arranged  as  in  fig.  G14,  the  pile,  when  ilH 
poles  are  joined,  gives  a  decided  shocic,  Nitnihir 
to,  but  less  intense  than,  IhaC  from,  Hlutical 
electricity.  On  breaking  contact  between  the 
pules,  a  brilliant  spark  of  voltaic  eleulricily  is 
seen  ;  and  if  the  wires  end  in  points  of  ^old  or 
platiDum.  inserted  in  water,  without  mutual 
contact,  a  flow  of  gas  bubbles  from  thcni,  an- 
uonncee  the  decom position  of  the  water.  Wo 
thus  classify  llie  effects  of  the  pile  into  phi/aio- 
loffieal,  phggieal.  and  ehtmical  phenomena. 

The  discovery  of  the  pile,  Voltn  announced  in 
March,  1800.  to  Sir  Joseph  Banks,  both  in  the 
form  juaC  described  and  also  the  crown  of  cups 
{CmiTOnne  des  tiuaet),  a  series  of  twenty  glas 
giblets  arranged  in  a  circle,  with  wires  con 
necling  the  -f  und  —  elements  of  each  cup  t 
tbe  opposite  of  the  next. 

This  last  is  the  type  of  all  modern  batteries 
with  separate  cells.  He  classified  its  eSects,  but  made  no  menllo 
of  its  power  of  chemical  dccom position,  a  property  he  had  not  the 
observed.  This  last  power  was  immedialply  dincovered  by  Nicholnin 
jnd  Carlisle,  in  London,  on  the  2d  of  May,  IROO.  Aside  from  Volln's 
theoretical  notions,  history  will  ever  nssi|i;n  him  a  high  place  as  a 
philosopher,  and  as  hating  by  his  genius  blessed  the  world  by  one  of 
tbe  greatest  and  mnst  fruitful  dismverien  in  science. 

Distinction  betireen  Toltaiam  and  Galvanism. — It  will  be  seen 
that  YtillainH  and  Ibi^  Vtiltaie  pile  are  terms  properly  applied  only  to  the 
discoTeriesof  Voll^  and  that  the  term  tjnl'vinir  battery  is  a  misnomer.  Gal' 
Tani  never  having  seen  such  an  instrument.  The  term  Gnleaniejluift  ia 
jiwtly  applied  to  animo'efrefricr^y,  which  Qalvonl  was  the  first  to  discover. 
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865.  Quantity  and  intensity. — There  is  a  very  marked  difference 
between  the  tension  of  the  electricity  from  the  Voltaic  pile,  and  that  of 
friction.  No  sensation  follows  the  touch  of  either  polo  of  a  Voltaic 
battery  singly :  Ixith  poles  mast  be  touched  simultaneously  in  order  to 
perceive  the  shoc^.  The  projectile  force  in  Voltaic  electricity  is  so 
nearly  null,  that  in  the  most  energetic  and  extensive  series  of  cells,  tlie 
terminal  points  must  be  brought  indefinitely  near,  or  into  actual  oon- 
ttict,  before  any  current  is  established,  unless  in  vacuo.  The  intensity 
of  the  battery  is  however,  under  some  circumstances,  increased  by  re- 
duplicating the  number  of  couples  of  a  given  siec  (see  {  881).  The 
quantUy  of  electricity  set  in  motion  in  the  Voltaic  battery  depends  not 
on  the  number  of  the  series,  but  on  the  exUnt  of  surface  brought  into 
action  in  each  pair,  the  conducting  power  of  the  interposed  liquid,  and 
also  upon  the  external  resistance. 

The  views  formerly  expressed  by  most  authors  on  tiie  sabjeot  of  qnantity  and 
intensity  have  been  modified  in  important  respects  by  Mm  i^tpUeation  of  the 
**  la»  of  Ohm;**  for  a  discussion  of  which  compare  |  881. 

866.  Simple  Voltaic  couple. — Whenever  two  unlike  substances, 
moistened  by,  or  immersed  in,  an  acid  or  saline  fluid  are  brought  into 
contact,  a  Voltaic  circuit  is  established.  The  earliest  recorded  obser- 
vation on  this  subject  (Sulzer's),  was  the  familiar  experiment  of  a  silver 
and  copper  coin,  or  bit  of  zinc,  placed  on  the  opposite  sides  of  the  tongue, 
and  the  edges  brought  together,  when  a  sharp,  prickly  sensation  and 
twinge  is  felt,  and  if  the  eyes  are  closed,  a  mild  flash  of  light  is  also 
seen.  In  thb  case,  the  saliva  is  the  saline  fluid,  exciting  a  Voltaic 
current  due  to  its  chemical  effect  on  the  zinc  or  copper ;  and  the  nerves 
of  sense  are  the  electroscope.  The  action  depends  on  contact,  and 
ceases,  or  is  renewed,  as  often  as  this  is  broken  or  made. 

In  flg.  615,  we  have  the  simplest  form  of  Voltaic  battery,  a  slip  of  amalga- 
mated zinc,  Z,  and  another  of  copper,  C,  immersed  in  a  glass  of  water,  acidnlated 
by  sulphuric  acid.     When  these  strips  touch  (either  within  or  515 

without  the  fluid),  an  electrical  current  is  set  up,  passing  from 
the  zino  to  the  copper  in  the  fluid,  and  from  the  copper  to  the 
cine  iu  the  air,  as  shown  by  the  arrows.  The  polarity  of  the 
euds  in  the  air  is  the  reverse  of  that  in  the  acid,  as  shown  by 
the  signs  plus  and  minus.  This  is  analogous  to  the  decompo- 
sition of  neutral  electricity  in  a  rod  of  glass  or  of  wax.  While 
contact  is  maintained,  cither  directly  or  by  conducting  wires, 
evidence  of  chemical  action  is  seen  in  the  constant  flow  of  gas 
bubbles  (hydrogen)  from  the  zinc  to  the  copper,  from  the  sur- 
face of  which  they  are  given  off.  This  action  ceases  at  any 
moment  when  contact  cca.4es,  and  if  the  separation  of  the  metals  takoi  place  in 
the  dark,  a  minute  spark  is  seen  at  the  moment  of  breaking  contact  in  the  air. 

The  direction  of  the  Voltaic  current  depends  entirely  on  the  nature 
of  the  chemical  action  producing  it.    Thus  if  in  the  arrangement  just 
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described,  strong  ammonia  water  was  used  in  place  of  the  dilute  acid, 
all  the  electrical  relations  of  the  metals  and  the  fluid  would  be  reversed : 
since  the  action  would  then  be  on  the  side  of  the  copper,  and  the  sine 
would  be  relatively  the  electro-negative  metal. 

867.  Eleotro-positlTe  and  eleotro-negatlTe  are  relative  terms, 
designed  to  express  the  mutual  relations  of  two  or  more  elements  in 
reference  to  each  other.  Thus  zinc,  being  a  metal  very  easily  acted  on 
by  all  acid  and  many  saline  solutions,  becomes  electro-positive  to  what- 
ever other  element  it  may  be  associated  with,  unless,  as  in  the  last 
section,  the  other  element  is  acted  on,  and  the  sine  is  not,  when  it 
becomes  electro-negative.  Oxygen  is  an  element  which  acts  upon  every 
other,  and  is  therefore  the  type  of  electro-negative  substances ;  gold, 
platinum,  and  silver,  being  among  the  least  easily  oxydized  metals, 
become  electro-negative  substances  to  all  others  more  easily  acted  on 
than  themselves,  and  therefore  these  are  fit  substances  for  the  negative 
element  of  Voltaic  couples.  In  chemical  works,  tables  will  be  found 
in  which  all  the  elements  are  grouped  in  this  relative  order  of  electro- 
positive and  electro-negative  power. 

868.  Amalgamation, — Commercial  zinc  is  seldom  or  never  pure 
and  the  foreign  substances  which  it  contains  are  such  as  to  stand  in  an 
electro-negative  relation  to  the  zinc.  A  slip  of  common  rolled  zinc, 
immersed  in  dilute  sulphuric  acid,  is  actively  corroded  with  the  escape 
of  abundance  of  hydrogen,  while  if  a  strip  of  chemically  pure  zinc  was 
used,  no  action  would  happen.  (De  la  Rive.)  This  action  of  common 
zinc  is  called  a  local  aciioii^  implying  the  existence  of  as  many  small 
local  Voltaic  circuits  as  there  are  particles  of  foreign  electro-negative 
substances  on  its  surface ;  each  of  which  constitutes,  with  the  contigu- 
ous particles  of  zino,  a  minute  battery,  and  thus  the  whole  surface  is 
presently  corroded  and  roughened,  and  the  power  of  the  whole  couple 
reduced  just  in  proportion  to  the  extent  of  this  local  action. 

Rub  the  freshly  corroded  surface  of  such  a  piece  of  commercial  zinc 
with  a  little  mercury,  wheb  instantly  it  combines  with  and  brightens 
the  whole  surface,  covering  it  with  a  uniform  coating  of  zinc  amalgam. 
This  perfectly  protects  the  zinc  from  local  action  by  covering  up  the 
electro-negative  points,  and  makes  the  whole  surface  of  one  electrical 
name.  Zinc,  thus  amalgamated,  may  be  left  indefinitely  long  in  acid 
water,  without  injury,  and  when  brought  into  contact  with  the  electrtn 
negative  element  of  a  Voltaic  couple,  it  becomes  a  much  more  energetic 
source  of  electricity  than  before. 

The  discovery  of  this  property  (due  to  Mr.  Kempt)  is  hardly  less 
important  than  the  discovery  of  the  battery,  for  without  it,  sustained 
and  manageable  batteries  are  impossible. 
61 


I'SICS   OF   IMI-ONDERABLE  AUENTB. 


II. 

8G9.  ToIUlo  batteiiea  aie  constructed  for  um  either  with  mm  h 
with  two  fluids. 

Tb*  Brat  embruca  the  originil  otowd  oroapa  (304),  ud  all  batUriM  vUh  ub 
Bald  ud  a  liagit  wll.  Tbs  ballariei  with  two  fluida  and  two  ealla,  of  whatsrw 
nama,  inrolTB  a  duuble  Thamical  deoompOBition,  aod  «r«,  beoea,  mon  eaiB[di- 
oalod,  but  alio,  generally,  more  etBuisnt ;  w>  will  eonildnr  tticaa  aapuatdj, 
ramarkiDK.  tbai  ibe  iuieregt  attached  Lo  tha  flrat  elaaa,  with  a  ainglo  oxg^tioi^ 
If  now  cbiefl;  liiatoriciil. 

870.  Tiaagh  batt«ileB.— The  incoavenience  of  Volte's  cmgiMl 
funn  uf  the  pile,  fig.  614,  led  to  plMiDg  the  element*  in  •  trough,  at 
■een  in  fig.  t)16,  uiilleJ,  from  the  gig 

inventor,  Cr  nicks  hank's  trough. 
fiaob  compound  couple  of  lino  ,  ___ 
ud  copp.,  ,„  o.m.alri  ™„  KJfl' 
tight  into  a  groove,  all  the  li 
facing  in  one  direcUon.  The  filling  of  these  m)U  with  dilnlA  Boid  wm 
a  tedious  operation,  with  eiieniJed  series,  and  as  the  linoa  were  not 
amittga mated,  the  beat  force  uf  the  apparatus  was  spent  before  it  mmU 
be  filled.  Davy  and  Niubolsoa  greatl;  improved  the  ttough  bj  kttaeb- 
ing  the  couplas  lo  a  bar  of  wood  m^ 

bj  straps,  connt,  as  in  fig.  617, 
and  Dr.Wollaston  surrounded  each 
line,  2,  with  the  copper,  on  both  ^ 
aides,  thus  doubliDg  the  effective 
surface.  Thus  arranged,  the  whole 
series  could  lie  plunged  at  one 
movement  into  glass  cells,  an,  or 
into  a  porcelain  trough  divided 
into  cells.  The  famous  batter;  of  the  London  Royal  Institution,  (first 
used  in  May  or  June,  ISIO,)  was  a  aeries  of  2000  couples  of  this  ona- 
Btruction,  arranged  in  200  glass  or  porcelain  troughs,  ten  oouptes  in 
ea^^b  trough,  each  plate  having  an  effective  surface  of  twcntj-two  si|aare 
lDch*<.  This  balterj  was  placed  in  the  vaults  under  the  Royal  Ineli- 
tation,  where  its  hydrogen  and  ni'id  vap'irs  did  not  nnnoytlie  eiperv 
menler,  and  itn  power  was  led  up  by  conductors  to  the  laburatury  ahiive. 

The  battery  with  which  Davy  maile  his  imuiortal  discovery  of  the 
metallic  baaes  of  the  alkalies  (October,  IS07),  coniaineil  250  pair*  of 
plates,  made  in  ISOH.     |See  Am.  Jour.  Soi.  [2],  XXVIII.,  279.] 
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•A  pain  of  platea,  tbe  cell*  well 
■tc  bandrtd  and  twentj  FjllDdrical  palr«,  placed  In  cetia  of  vi 
■■d  inaulaleil  bj  k1b»  plllara  Tamlabed.     The  batltriei  orra  cxi^iied 

feEIeep[  for  tbe  parpoaea  of  low  iotenaitj  and  lung-oontiBaeel  ael 
of  Ihii  deacriptioa  an  now  no  longer  eonitrueled. 
STbe  want  Dfauauined  aod  regular  aftian  In  alt  batteriea  of  lbs  origii 
IW  Iwl  Id  the  eontrlTBace  of  olher  and  more  acienlific  baltcrioa  ;  aon 
noit  •aloable  of  wbicb  we  will  now  describe. 

ftTI.  Smee'B  batteij  is  rurmed  of  silver  and  am agal mated  zi 
needs  but  one  cell  luid  one  Suid  to  eiclte  it.    Tlia  SIS 

■ilver  pkte,  S.  Sg.  61H,  is  prepared  b;  washing  ii 
pitrio  aaid  to  roughsn  it,  and  then  coming  its  surface 
witb  platinum,  thruwn  down  on  it  bj  a  voluio  cm 
t,  in  that  slate  of  fine  difinion,  known  as  plat: 
^^.-.D-blnck.    This  is  b*  prevent  tbe  adheabn  uf  the  I 
Qberaled  hydrogen  to  the  pulished  aiWer.     Any  si 
hce  of  polished  metal   retains  a  film   uf  gns  with  I 
•Ingular  obntinBcj,  thus  preventing,  in  ■  meafuro. 
^.«  contact  between  the  fluid  and  the  pUte.     The 
Vwij^hened  surface  pruduuod  rnini  the  deptmit  of  pla- 
n-black, entirelj  prevents  this.   The  ilnu  plates, 
n  this  batterji  are  well  amnlgamaled,  and  face  both  k 
tilver.     The  three  plates  are  held  in   position  by  a  clamp.  6,  at  top, 
vbile  the  ioterpoaition  of  a  bar  of  dry  wood,  w,  prevent^  the  paswige 
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of  a  cnrreat  from  piftte  to  plate.  Water  aoidalated  with  one-Mrentfa 
its  bulk  of  oil  of  vitriol,  or,  for  less  ac^vit;,  irith  ou^^ixtMoth,  is  the 
exciting  fluid. 

Tlie  aarfaM  of  the  negativa  plate  is  kept  clean  in  daily  use  b;  ood^ 
wcitial  immersioD  in  oblorid  of  iron,  which  remoTet  all  foreign  labeuuicea 
depuei^Ml  on  it.  For  large  sited  batteries,  the  eiWer  pUtee  are  mad*  bj 
electro- costing,  to  secure  entirely  plane  autfaces.     (Hathiot.) 

Tba  quuititjof  alHtiieitj  aiaiMd  Id  tbti  batMrj  !•  varj  gntt,  but  tfaa  iBlm. 
■itj  i>  not  w)  grekt  u  in  (he  oomponnd  Wlariea jimaDll]'  to  b«  dssoribaiL  Tbli 
butturjr  i>  DC&rljr  conilanl,  dosi  not  set  nntil  tha  pol«  hi  Joined,  mnd,  witfasBl 
an;r  XKntion,  will  mainuin  &  nnifurm  flow  of  pawar  far  diji  lagatliBr.  A  thlak 
pliiiB  of  lesiL,  well  ailiared,  (ad  then  catted  witli  platinnm-bluk,  will  aoawn 
cqu&lt;  well,  sod,  indoed,  betlar  than  a  thin  plats  of  para  liliar.  Thii  bauory 
in  recommeDded  over  avary  otber  for  Iba  itudant,  a>  compriilDB  tha  great  reqnl- 
■ilci  of  ebespnaai.  aimplidtT,  and  conitansj.  Ttaii  ii  tba  battarj  gcaerall; 
«mpla;cd  io  cleclra-mctiillarB}'.  Ch«>t«r  baa  pat«DI«d  an  improred  laim  atlbii 
batlar;.  much  nied  by  ths  talagrapb  lompaaie*.     Il  is  tba  only  aiugla  llnid  bat 

MAihiot  hu  daacribed  (b*  form  of  Sinea's  batteriei  nied  in  tha  larg*  sl«tra 
t:rpinK  aperHtiona  of  tba  United  BIMm  Coast  Sarra;  Offiea.  Sm  Am.  J«r. 
Sci,  [1!],  XV.,  303.  619 

872.  Ths  aulphats  of  copper  battai;  is  designed  It 
ane  a  srilutiim  of  sulphate  of  cupper  in  dilute  sulpburii 
acid,  the  cnpper  element  being  made  to  contain  the  ex 
citing  fluid.     This  battery,  flg.  GI9,  is  nsed  fur  eleetro- 
mngiietio  experiments,  and  although,  it  soon  becomes  ^^ 
encumbered   with   a   pulp  of  metallic   capper   thrown  ' 
down  on  the  sine,  ila  cbeapQBM  aad  constancy  will  always  render  it  ■ 
Tal liable  ins trii meet. 

HI.  DRT  riuia. 
873.  Dry  pilea  of  Zambonl  and  DeLno. — These  piles  are  con- 
structed of  disks  nf  metallic  paper,  as  of  copper  and  line  (callei]  gold 
and  silver  papers),  placed  back  to  back,  and  alteroating,  aa  in  the  pile 
of  Volta,  flg.  614,  all  the  coppers  facing  in  one  direction.  Sonte- 
times  line  paper  gilded  on  one  side;  or  linc  paper  ameared  with 
black  oxyd  of  manganese  and  honey  on  the  other  ude,  ie  used, 
and  with  more  marked  effects.  Some  hundreds,  and  even  thousands 
of  theue  disks,  as  large  as  a  quarter  dollar,  are  crowded  into  a  glass 
lube,  juBt  large  eoough  to  receive  them,  varnished  within  and  without 
Screw  caps  of  metal  compress  and  retain  the  disks,  forming  at  the  same 
lime  metnllio  connections  with  the  outer  pairs  to  propagate  the  eleclri- 
i-al  eScct.     A  feeble  current  is  thus  set  up,  which  may  last  for  years ; 


ELKCTRtOlTT.  .  577 

bat,  if  the  pftper  hu  been  srtifiaiallj  dried,  so  m  to  fnt  it  from  all 
kbeorbed  moiatare,  do  carrent  eiiaU.  m 

EunbaDi  (lail),  vidDaLac  (1810),  who  firatooDitTiiotadpilM 
Vl  (bif  lott,  >miiBed  tbem  is  ptin  to  ring  bsltt  b;  tbe  Tibn> 
tioD  ol  B  iDuU  alsctrio  pendnlQin  (Bg.  SV8),  kltarnatelf  atlncUd 
uid  rapellsd  betweeo  tbe  caloiuDS,  wbieh  ue  la  lh«  sandition  of 
*  parpcttklly-ebftrgsd  Lajden  Jkr  (rflow  MnBioD.  Aaetofthcw 
b«llt  rug  Id  Ykla  Gollegs  labontor;  for  aii  or  aigbt  je«n  [ 
BDcaaaingl;. 

Bohaanbaigei's  «leotiCMOope  ia  eonatruotad  an 
prinaipla.     B  and  C,  fig.  B20,  ara  tba  polei  or  two  dr;  pilei, 
tWMB  wbiob  huga  a  aingla  gold  leaf,  ending  in   tb«  knoll 
Wban  »aj  ftaU;  elactric  bud?  ia  approachad  Is  D,  the  gold  leaf  I 
at  onaa  daslan*  ila  aleelrickl  aama,  b;  being  atUacled  to  iU  * 
oppoalta.    Tbia  ia  ondoablcdly  ona  of  tba  moil  dalioM*  elaetrotcopai  known. 

IV.    BATTSUn  WITH  two  rLOIDS. 

874.  Danlell'B  oomtant  bstteiy. — Tbia  trul;  philusophioal  iustra- 
inoDt  vh»  iuTEDted  in  1836  ;  up  to  which  time  the  iraprovomeDta  in  the 
ori^nftl  Toltaio  pile  had  been  only  mechaoic&l.  Prof.  J.  F.  Donietl 
of  London,  flnt  diaeorered  and  applied  an  effectual  meana  uf  preserving 
the  power  and  oantiDaiog  the  action  of  the  apparatua  for  a  length  uf 
time.  All  athar  batUriea  with  two  fiuida  are  onlj  modificatlona  of  bis 
original  inatrument.  Ml 

icalar  call  of  copper,  C,  flg.  All, 


la  both  aj 


ale- 


Diant;  a  poroai  ajlindrlcal  cup  of  earlbenware,  P  (or  the  gnllet 
or  an  01  tied  Into  a  bag),  la  plaaed  within  the  ooppn  cell,  and  a 
aolid  ojlinder  of  amalgamated  line,  Z,  wilhla  tb*  poront  onp. 
Tba  DBlar  eall,  C,  ia  ehaigad  b;  a  miilnre  of  eight  parti  of  watw 
and  one  of  oil  of  Titriol,  latarated  with  blue  vitriol  (intpbaU  of  | 
eoppar).     Some  of  the  aolid  salpbate  ia  alao  anapanded  on  a 
braud  abolf,  or  In  a  gaaie  bag,  lo  keep  up  the  aalarfttlon. 
inner  cell  la  Uled  wilh  tba  aame  aold  water,  bat  witbent  tb*  eop-  I 
par  lalt.   ?ar  (be  moiCoonilant  reintta,  ha  niad  a  aalorated  aoln-  T 
tluD  of  bin*  Titriol,  made  alightlj  uid  for  the  outer  oell,  and  for  | 
the  iloo,  twenty  parte  water  to  one  of  anlphurie  acid.     Eight  oi 
leu  hoaia  la  aboot  the  limit  of  ita  eooatane;.    An;  iiamboT  ot 
aalle  to  UTMigad  are  aaail;  winneeted  tugether  by  binding  aerewa,  I 
the  C  of  on*  p^r  to  tbe  Z  of  the  next,  and  ao  on. 

The  hydrogen  from  tbe  decomposed  water  in  this  inatrument  is  not 
givBD  off  in  bubbles  on  tbe  oopper  side,  as  it  is  in  all  forms  of  the 
wmpla  oircnit  of  lino  and  copper;  but  the  sulphate  of  copper  there 
preaent  is  decompoaed  in  the  circuit,  atom  for  atom,  with  the  decom- 
poaed  water,  and  the  hjdrogen  takea  the  atom  of  oxjd  of  copper, 
appropriating  its  oijgen  to  form  water  agun,  while  metallic  copper  is 
depoutad  on  th«  outer  oelL  If  tbe  imc  ia  well  amalgamated,  no  action 
61  • 
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ufKiij  «ort  renults  Id  this  bkllerj  until  the  p 
off  oo  rumen.     Teu  or  Iwolvo  Huth  cells  fopm 
■ud  euoDDniicnl  battery,  and  tventy  or  tbirtj  a 
Hut  aulutiiinH  iiicretme  its  power,  vhile  the  i9it< 
nut  the  ilia  111  e  ler  uf  the  copper,  limits  the  a: 

873.  Orove'B  nltiic  acid  batteiy.— Mr.  Orove,  ( 
BUDceHsfully  applied  llie  principlH  of  Dnniell'i  ballerjt, 
most  puwcrful  and  iolenne  fuxluining  battery 
known.    The  fluids  used  are  Htrong  □'    ' 
and  dilute   lulpburic   acid,  kept  apart  by  a 
porou»  jar.    The  metais  ara  amal- 
goinated  xinc,  placed  in  the  nul- 
phario  acid  of  the   outer  vessel, 
and  platinum  in  the  porous  vshsbI  : 
fig.  G23  show*  thin  arrangement    ' 
ctiiuplele,  while  the  platii 
meut,  P,  is  seen  isolated  iu  fig.  622  pi 
The  oover,  e,  upon  the  vase,  V,  6g. 
623.  taods  to  keep  down  the  strong 
vapurs   of    nitrous    acid    e 
when   the    battery   ie   in    i 
The  binding  serews,  ab.ne 
unite  the  elements  uf  KCjurate  pairs 
plittinun),  becauBB  bath  that  metal  and  the  d 
niiied  as  much  as  possible,  being  tha  costly  parts  of  the  arroDgement. 
From  six  to  ten  parts  of  water  are  used  in  A,  to  one  of  acid 

The  actiou  of  this  battery  is  intense  nnd  splendid.  The  hydrogen  ii 
immedialely  engaged  by  the  nitric  acid,  which  it  decompose*  very 
readily.  There  is  therefore  a  double  chemical  action,  and  an  iucreoMd 
flow  of  electricity,  since  no  part  of  the  power  is  Lost  in  combination. 
The  fames  of  nitrous  acid  are  partly  absorbed  by  tha  nitric  *cid, 
turning  it  at  lost  intensely  green :  but  enough  are  evolved  to  render  it 
important  to  set  the  apparatus  in  a  clear  space,  or  good  draught.  Four 
cells,  with  platinum  three  inches  long  by  half  inch  wide,  d«ooinpcMie 
water  rapidly;  and  twenty  such  ceils  form  a  battery  giving  intcnso 
effects  of  light 

PlaticDm,  in  Ilie  nitrio  uoid  bsttery,  b  sltimiMei)  u  liitmn  or  slghtMn  Uaai 


pl.li 


Mppiri 


le  hundred  iqui 


«rji  U 


I  iDKhsi  of  Doppci ;  and    Pnobcl 
BarfftCfi  of  FupF>er  wma  THvdvd 


A  Orara  •  better;,  sooilrneMd  ty  Jaoobi,  sf  8u  ?«t«nbur^,  WBloiDa  fillj- 


-sfH't 


unarHl  I< 


i>  wuuld  be,  bj  n 


mherB  nnd  eitCD- 


hiubI  Io  1  Daaiell'B  bitlcry  of  Iwo 

s't  batUtry  of  nbuul  dre  UioiiiBnd 
s  rMber  cnftl; ,  aod  (Br;  trouble- 
tii  o«]]b  ujd  purDUf  oupis  ulthoDgh 
mpand  with  the  voiation  inTolvnJ 
I    Ib  the  eulier  nlogle  llqid  balteriH. 

H76.  Catbon  batteiy.—Tlie  great  cni-t  uf  Inrgu  n 
live  aeries  of  Gmve'it  platinum  Wlory,  led 
I   Prof.  Buiisen,  ot  Marburg,  lo  nso  the  curbiin 

18  cnke  as  a  substitute  for  the  platini 
I  Pruf.  Silliman,  Jr.,  in  lB-12,  described  a 
I  batter;  (see  Am.  Jour.  S.:i.  [1).  XLIII., 
393,  and  XLIY,,  IW),  in  whii^b  nnlural 
rplumliago  wuh  used  in  place  uf  the  ptati- 
I  num  of  Qrove'd  arrangement.  Tliie  was 
r  befure  Bunaen's  apparatus  was  knowD  of 
in  thia  countrj. 


Fig.  ti2i  >hnw 
ealli.     Wbcn  t! 


rarb.,!! 


Vlargc  snnauiDptiuii  o 
^•flbeiinc  Intbe^ 
''At  carbon  wu  in  I 


conUlPBd 


BDd  ImiiLlDosj 
aflorwards  iida|i(ea 
p,  lurrauadmi  b;  tl 


,ffliL 


an  is  dalaJL  P,  If  lb*  pU«  eomplate.  F,  <a  the  Ju  oT  hai4 
fMatj  to  MDl^a  lb(  line,  Z,  and  Ibe  dilate  mlphuric  acid  ;  V  ia  the  pnram 
*aaa,  la  Mataiu  the  oarboo.  C,  with  iu  nitrti-  arid.  The  attacbmeDt  of  a  cun- 
doelDr  to  the  carbun  in  anvompllBheil  b;  a  cnniL-al  hols  in  Ibe  canlra.  into  ir 
a  plug  of  banoiDreil  i"ip|>«r  i«  cmwilod  wiih  a  wraocbing  motion  If  prian 
Ibe  hard  carhiin  of  ibi  fa»  niotu  are  uiad  (and  itaii  kiud  of  carbon  i(  noquea- 


xnablT  ll 
I   derlDf.    The  si 

a  nsaldi,  Iha  roke  of  b< 


d  it  altarbed  to  the  tup  by  tlae 


^.galT. 


i<r  Baniwn'a  «1Ib  ia  preparwl  hy  puWeriiIng,  and  baking 
•  nged  for  mo,  Ibo  alternala  mambera  bein^  joia 


piivsj 
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ruliantkgtt.  Tb*  Anlhor  demontitntsd.  1 
n4U'l7  if  nnt  qnllo  u  gand  u  pla«Duni,  lu 
oalla,  like  Dg.  SZfl,  aoiu  flft;-flr>  dutlari  in 
moit  iplendid  eEfcU  of  the  elsttric  light,  li 
■itioDt  f  ID  bg  Torj'  aMisraclorlJ;  iboirti. 

an.  Other  forma  of  Toltaio  battsiy  cxiit  in  great  vBrietj,  but 
iiiTuUiiilC  uu  i>riiii;iple  not  ulreiuly  explained.  Sume  hnve  special  ail*p- 
tutiiin  tu  a  partioulor  use,  like  Cheater's  funn  of  Smee'a  bntterr  ^"^ 
Wlegraphlo  use ;  Farmer's  copper  Lntlery ;  the  lialt*ry  of  BkgraUuD, 
of  ziDQ  and  copper  in  moist  enrtb  ;  or  Qrove'e  uxjgeu  and  bjdrogeii 
gas  Imtterf,  bo  inRtruiitive  thcureticallj.  But  further  desariptioDS  ue 
eiduded  by  want  of  space. 

V.     TOLiRlTT.  BETARmUfO    POWER,  t. 


doae,  md  ebewtcal  decempo- 


HI  or  TBS  1 


B78.  Folaitt7  of  tlie  compound  olronit. — Id  bai 
more  couples,  connection  is  furuied,  not  rui  in  the  tingle  cuupl«,  between 
members  of  the  same  cell,  but  between  those  of  different  names  in  con- 
tiguuuB  cellli  M  in  fig.  61^7,  where  the  copper  of  I  joins  the  lino  of  2, 
and  so  on.     The  current  fluna  from  the  line  t«  the  cupper  in  the  Quid, 


but  from  the  copper  lo  the  si 
827 


a  the  air  [fig.  62S),  both  ii 


compannd  circuits.  This  is  important  to  be  remembered,  rinoe  the 
line  is  called  the  electro-positiTS  element  of  the  scries,  nllhough  out  i-f 
the  Quid  it  is  negative.  Consequentlj,  in  vultaii;  decoDipiiBition*.  ibo 
element  which  goes  to  the  sine  pole  is  called  the  cterlTo-potitirt,  and. 
for  the  same  rea»ion,  that  which  goes  to  the  copper,  is  the  eleelro-nesa- 
live  eUment.     The  terminni  plates,  Z  and  C,  in  1  and  5,  fif;.  627,  an 


oonoemod 


the    electrical 


effect,  being   in  fact  onlj  condi 

\t)n  of  the   electricity,  and   hen 

they  nioy  be  removed  aa  in  fi 

628,  without  altering  the  power 

nature  of  the  battery.     They  serve, 

in  fact,  merely  us  a  conveu 

of  join'ng  the  polea,  as  in  fig.  629.    The  apparent  polarity  of  the  riniplt 

circuit  ia,  therefore,  the  reverse  of  that  of  the  compound  c 
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681 


630 


631 


632 


nn  attentive  observation  of  these  explanations,  and  of  the  figures,  will 
prevent  all  confusion  on  this  point. 

879.  Grouping  the  elements  of  a  pile,  in  various  numerical  rela- 
tions, is  an  important  means  of  modifying  its  power,  and  the  character 
of  its  effects,  already  explained. 

Take,  for  example,  six  cups,  as  in  fig.  630,  arranged  in  coniiccutive  order,  and 
we  hare,  owing  to  the  resistance  to  the  elec- 
trio  flow,  the  maximum  intense  effects  pps- 
eible  with  such  namber.  Changed  to  two 
groups  of  three  each,  the  quantity  is  doubled, 
with  half  of  the  intensity,  fig.  631.  In  fig. 
632,  are  three  groups  of  two  cups  each,  so 
arranged  as  to  present  three  times  the  sur- 
face in  630,  with  a  proportionate  loss  of  in- 
tensity. Lastly,  in  fig.  633,  each  sine,  and 
each  copper,  joins  one  common  conductor, 
each  on  its  own  side,  throwing  the  six 
couples  into  one  surface  of  six-fold  extent 
to  fig.  630.  The  arrangement  may  be  ex- 
pressed, assuming  the  resistance  of  a  single 
cop  as  unity,  thus :  1.  j  =  1'5.  |  ==  0-666. 
I  SB  0166,  and  so  for  any  number  uf  couples. 

880.  Electrical  retarding  power 
of  the  battery. — Ohm's  law. — A  cer- 
tain resistance  to  the  passage  of  a  voltaic  current  is  offered  by 
every  additional  element  phiced  in  the  circuit  as  well  as  by  increased 
length  of  conductor.  The  new  properties  thus  acquired  by  the  com- 
pound circuit  have  been  already  alluded  to  (865). 

Ohm,  of  Berlin,  in  1827,  first  demonstrated  mathematically  the  law 
regulating  the  flow  of  electricity  in  the  compound  battery.  As  the  ap- 
paratus is  composed  solely  of  conductors  of  different  retarding  power, 
the  electric  current  must  proceed,  not  only  along  the  connecting  wire, 
from  pole  to  pole,  but  also  through  the  whule  apparatus ;  the  resistance 
offered  to  the  passage  of  the  current  consists  therefore  uf  two  parts,  one 
exterior  to,  and  one  within,  the  apparatus. 

Let  the  ring,  a  h  e,  in  fig.  634,  represent  a  homogeneous  conductor,  and  let  a 
source  of  electricity  exist  at  A.  From  this  source  the  electricity  will  diffuse 
itaelf  over  both  halves  of  the  ring,  the  positive  passing  in  the  634 

direction  a,  the  negative  in  6,  and  both  fluids  meeting  at  c.    Now  ^ 

it  follows,  if  the  ring  is  homogeneous,  that  equal  quantities  of 
electricity  pass  through  all  sections  of  the  ring  in  the  same  time. 
Aiauming  that  the  passage  of  the  fluid  from  one  cross  section  of 
the  ring  u)  another,  is  due  to  the  difference  of  electrical  tension  at 
these  points,  anl  that  the  quantity  which  passes  is  proportional 
(o  this  difference  of  tension,  the  consequence  is,  that  the  two  fluids 
proceeding  from  A,  must  decrease  in  tension  the  farther  they  recede  from  the 
starting  point 

This  decreasing  tension  may  be  represented  by  a  diagrnm.     Suppose  the  ring 
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in  flg.  635,  to  be  stretched  out  to  the  line  A  A'.   Let  the  ordinate  A  B  re|  reMni  tlM 

tension  of  posiUve  eleotricitj  at  A,  and  A'  B'  the  nega-  636 

tire  tension  at  A',  then  the  line  B  B'  will  express  the  . 

tension  for  all  parts  of  the  circuit  bj  the  varying  lengths 

ol  the  ordinates  A  B,  A'  B',  at  every  point  of  A  c  or  e  A'. 

E 
Hence  Ohm's  formula  F  ==  --,  whore  /*  represents  the 

strength  of  the  current,  E  the  electro -motive  force  of 

the  battery,  or  the  attraction  of  zinc  for  oxygen,  and  R 

the  resistance.     Therefore,  the  greater  the  length  of  the  cironit,  the  less  wiU  be 

the  amount  of  electricity  which  passes  through  any  cross  section  In  a  giren  time. 

In  exact  terms,  this  law  states  that  the  etrength  of  the  current  u  intereeijf  propor* 

tional  to  the  remittance  of  the  circuit ,  and  direct!^  a«  the  electro-ntotioe /oree. 

In  the  simplest  Voltaic  current,  we  have  not  a  homogeneoas  conductor, 
but  several  of  various  powers.  To  illustrate  this,  let  the  conductor,  A  A',  flg. 
636,  consist  of  two  portions  having  different  cross  sec-  636 

tions.  For  example,  let  the  cross  section  A.d  ht  n 
times  that  of  d  A' ;  then,  if  equal  quantities  pass 
through  all  sections  in  equal  times,  and  if  through  a 
given  length  of  the  thicker  wire  no  more  fluid  passes 
than  through  the  thinner  wire,  the  difference  of  tension 
at  both  ends  of  this  unit  of  leugth  of  the  thicker  wire 

I 

must  be  only  -th  of  what  it  is  in  the  latter.     Thus,  "  the  electric  fall,"  as  Ohm 
n 

calls  it>  will  be  less  in  the  case  of  the  thick  wire  than  of  the  thinner,  as  shown 
by  the  line  B  c  in  the  figure.  The  result  is  expressed  in  the  law  that  the  "  eleetrie 
/aU"  ie  directly  ae  the  »pecijic  retimtaneee  of  the  eonduetore,  and  invereely  at  their 
eroee  eeetione.  Hence,  the  greater  the  resistance  offered  by  the  conductor,  the 
greater  the  fall.  The  very  simplest  circuit  must  therefore  present  a  series  of 
gradients  expressive  of  the  tension  of  its  various  points — as  one  for  the  eon- 
necting  wire,  one  for  the  sine,  one  for  the  fluid,  and  one  for  the  copper.  The 
electro-motive  force  of  a  voltaic  couple  (<<E"  of  Ohm's  formula)  may  be  experi- 
mentally determined,  and  is  proportional  to  the  electric  tension  at  the  ends  of 
the  newly  broken  circuit 

881.  FormulaD  of  eleotrio  piles. — It  follows,  from  what  has  been 
stated,  that  the  intensity,  i,  of  a  current,  united  by  a  homogeneous 
wire  whose  length  is  //,  may  bo  represented  by  the  formula 

in  which  r  designates  a  length  of  wire  representing  the  resistance  of 

the  pile  or  its  reduced  lengthy  and  E  the  elcotro-motive  force  measured 

by  the  tension  at  the  poles  when  the  circuit  is  broken. 

If  the  resistance  of  the  pile  is  nothing,  or  an  insensible  quantity,  as 

in  the  case  of  a  thermo-electric  couple  of  great  surface,  the  formula 

E 
becomes  1=  y.    That  is,  the  intensity  of  the  current  is  in  the  inyerse 

atio  of  the  length  of  the  homogeneous  wire  joining  Uie  poles  of  tfas 
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battery.  If,  however^  the  pile  itself  offers  sensible  resistaooe,  as  is  the 
case  with  hydro-electric  piles  composed  of  many  couples,  the  formula 
shows  that  the  intensity  of  the  current  is  in  the  inverse  ratio  of  the  length 
of  Ike  ooTMnecting  wire  increased  by  a  constant  quantity,  r,  which  repre- 
sents the  resistance  of  the  pile  itself. 

In  the  case  of  many  different  sources  of  resistance,  interposed  in  the 
circuit  of  the  connecting  wire,  L  represents  the  sum  of  the  reduced 
lengths  equivalent  to  these  resistances. 

Intenaity  given  by  many  oonples. — In  the  formula,  I  =  -r— ; — , 

let  E  be  the  electro-motive  force,  and  r  the  resistance  of  a  single  couple, 
L  and  r  being  always  reckoned  as  lengths  of  the  same  kind  of  wire 
taken  as  a  standard  of  comparison ;  we  may  then  consider  many 
couples  united  one  to  another  in  a  series  as  &howo  in  fig.  630.  Ohm 
considers  that  each  couple  produces  an  electric  current  which  traverses 
the  pile  as  if  that  couple  was  alone,  so  that  the  electro-motive  force  of 
the  series,  or  the  tension  at  the  poles  which  measures  it, will  be  the  sum 
of  the  electro-motive  forces,  E  -\'  E^  -\-  E^^  -f-  . . .,  of  all  the  couples 
in  the  series.  In  the  same  manner  the  current,  produced  by  each  couple 
traversing  all  the  others,  meets  with  a  resistance  equal  to  the  sum, 
r  +  '^  +  »^^  +  •  •»  of  the  resistances  of  all  the  couples ;  hence, 

E-\-  E"  ■\-  E''  -{'...  ^ 
i  +  r  +  r^  +  r^^  +  . .  .* 

If  the  couples  are  all  equal  to  each  other,  and  r.  represents  their  num- 

nE 
ber,  the  formula  becomes  /^  T~T — •    '^^*®  shows  that  the  intensity 

of  the  current,  from  a  series  arranged  one  by  one,  is  proportional  to 
the  sum  of  the  electro-motive  forces  of  all  the  couples,  and  inversely  as 
the  total  resistance  of  the  circuit  including  the  pile  itself. 

If  we  designate  by  c,  2,  s  the  conductibility,  the  length,  and  the  section 
of  a  wire ;  and  by  c^,  V,  sf  the  same  quantities  for  a  second  wire,  it 
follows  from  the  principles  already  established,  and  from  the  fact  that 
the  resistance  of  a  wire  is  in  the  inverse  ratio  of  its  conducting  power, 
that  tvro  wires  will  produce  <dqual  diminution  of  the  intensity  of  the 
same  electric  current  when : — 

/         V  sc 

The  third  equation  expresses  the  length  of  a  wire  whose  section  is  s, 
and  oondactibility  c,  that  will  produce  the  same  effect  upon  the  current 
as  another  wire  whose  length  is  V,  section  s^,  and  conductibility  c^. 


SC                    80 
1  =  1' V-V' 
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Tbis  value  of  I  ia  called  the  rtdueed  length  of  the  first  wire  as 
pared  with  the  second. 

If  we  have  a  series  of  wires  onited  together  by  their  ends  as  a 
compound  conductor,  the  equivalent  length  of  the  first  wire  will  be 
expressed  by  the  formula: — 

Effect  of  increasing  the  number  of  oouplea  in  a  battery. — 

The  consideration  of  the  formulsB  given  above  shows  that, 

1.  The  intensity  of  the  current  increases  with  the  number  of  couples. 

E 

Dividing  both  terms  of  the  fraction  by  n,  it  becomes  /  =s  t         ,  this 

n 
shows  that  the  value  of  /  increases  with  increase  of  n,  or  the  nomber 
of  couples. 

2.  The  increased  intensity  of  the  current,  by  increasing  the  number 
of  couples,  is  more  evident  when  L  is  great  in  comparison  with  r,  or 
when  the  external  resistance  to  be  overcome  is  much  greater  than  Uie 

resistance  of  the  battery.    If  on  the  contrary  L  is  very  small,  —  is  also 

very  small,  and  the  intensity  of  the  current  changes  but  very  little  with 
any  increase  of  the  number  of  couples. 

nE      E 

3.  If  there  is  no  exterior  resistance,  or,  X  =  0,  i  =  —  =  — .    In 

nr        r 

this  case  the  intensity  is  not  varied  by  varying  the  number  of  oouplea, 
or  one  couple  gives  as  great  intensity  as  any  number  of  couples. 

4.  The  intensity  is  not  increased  by  increasing  the  number  of  couples 
when  each  couple  added  is  accompanied  by  an  exterior  resistance  equal 
to  L ;  or.  in  other  words,  when  the  exterior  resistance  increases  in  the 
same  ratio  as  the  number  of  couples,  since  on  that  supposiUon  the 

nE  E 

formula  becomes  I=»  — r — , =«  -r — ; — , 

nL  -{-  nr       x*  -f  r 

5.  If  the  exterior  resistance,  X,  is  very  great,  I  is  very  small,  unless 
11  is  made  very  great.  This  shows  that  it  is  necessary  to  employ  a 
great  number  of  couples  when  a  great  amount  of  resistance  is  to  be 
overcome,  as  in  the  voltaic  arch,  and  in  the  eleotrolysb  of  bodies  that 
are  imperfect  conductors,  or  in  sending  an  impulse  through  a  long 
telegraphic  circuit 

Effect  of  enlarging  the  plates  of  a  battery. — If,  instead  of 
uniting  many  couples  in  a  series,  we  unite  a  number  of  couples,  m,  by 
poles  of  the  same  name  n^  in  fig.  633,  it  will  be  <M|uivalent  to  enlarging 
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the  dimensioDs  of  Ihe  plates  of  a  single  oouple,  the  ret»istance  of  the 

r                                                         E 
battery  will  be  — ,  and  the  formula  becomes  I  = .    We  thus  see 

/.  +  - 

that  if  L,  the  exterior  resistance,  is  very  great  in  proportion  to  r,  the 
resistance  of  the  battery,  the  intensity  will  be  but  little  increased  by 
uniting  the  ooaples  by  poles  of  the  same  name.  If  L  is  very  small  in  pro- 
portion to  r,  the  intensity  will  be  mnoh  increased  by  this  method,  and  if  Z 
is  so  small  that  it  may  be  neglected,  the  intensity  wilt  be  proportional  to 
the  extent  of  surface  acting  as  a  single  couple.  We  know  indeed  that, 
when  chemical  action  is  exerted  orer  a  large  surface,  the  quantity  of 
electricity  which  trarerses  the  connecting  wire  is  aNo  very  great. 

Sffbet  of  enlarging    the    eonples    and    increasing    their    number.  «• 
If   the  number  and  dimensions  of   the  couples  ore  both   increased   at 

nE               E 
the  same  time,  the  formula  becomes  /  =    =   = .    This 

fn         ti       m 
shows  that  increasing  the  number  of  couples  produces  the  same  effect 
as  diminishing  in  the  same  proportion  the  resistance  of  the  exterior 
circuit,  and  increasing  the  surface  of  each  couple  has  the  same  effect  as 
diminbhing  the  resistance  of  the  pile.     Hence : — 

If  L^  the  resistance  of  the  exterior  circuit,  is  great,  it  will  he  mast 
advantageous  to  unite  many  couples  in  a  single  series :  But  if  the  resist- 
ance of  ihe  exterior  circuit  is  small,  greater  advantage  may  be  obtained  bg 
uniting  the  couples  by  poles  of  the  same  name,  in  such  a  manner  as  to 
form  couples  of  large  extent  of  surface. 

A  most  interesting  application  of  these  principles  to  the  practical 
construction  and  use  of  batteries  will  be  found  in  a  paper  by  Mr.  G. 
Mathiot,  Electrotypist  of  the  United  States  Coast  Sunrey.  (Am.  Jour. 
Sci.  [2]  XV.  305.) 

882.  Faraday's  nomenolatore. — ^Faraday  has  introduced  certain 
terms  into  the  language  of  electrical  science,  which  are  generally  adopted 
for  their  convenience,  and  their  absence  of  assumed  or  theoretical  notions. 

Electrode  is  used  in  place  of  pole,  to  which  latter  term,  meaning  the 
terminal  wires  of  a  battery,  Davy  and  others  seemed  to  attach  a  sense 
as  if  it  possessed  a  certain  attractive  force,  like  the  pole  of  a  magnet. — 
Electrode  (from  ^XtxTpuv,  and  6duq,  a  way),  means  simply  the  way  or 
d(K)r  by  which  a  Voltaic  current  enters  or  leaves  a  substance. 

Anode  is  that  surface  of  a  body  receiving  the  current,  or  the  positive 
side  of  the  series,  from  ava,  upwards  (as  the  sun  rises),  and  6doq,  a  way. 

Cathode  is  that  surface  of  a  body  from  which  a  current  flows  out 
'owardf  the  nei^tive  side  of  the  series,  from  xard,  downwards,  as  the  sun 
62 
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sets,  and  6do^,  a  way).  The  observer  is  supposed  to  face  the  noith,  with 
the  positive  of  the  battery  on  his  right  hand,  and  its  negative  on  hia  lefL 

Electrolyte  is  any  substance  capable  of  separatioD  into  its  oon* 
stituents  by  the  infln'^nce  of  a  Voltaic  series  (from  ijXexrpoy,  and  JUw, 
to  S6l  loose;.  /Stectrolysis,  the  act  of  decomposition.  Eledrolywod^  and 
dedrolyzable^  are  obvious  derivatives  from  the  same  words. 

Ions  (from  Idv^  neuter  of  iifxty  to  go),  are  the  elements  into  whioh  aa 
electrolyte  is  resolved  by  the  current.  These  are  either  afiiona,  ele* 
ments  found  at  the  anode,  or  eatoTis,  ions  found  at  the  cathode. 
Herea^r  we  shall  employ  these  terms  when  they  are  appropriate. 

VI.    THE  EFFECTS  OF  THE  VOLTAIC  PILB. 

1.  Physical  effects. 

883.  The  Voltaic  apark  and  arch.— In  1809,  Davy,  with  the 
extensive  series  of  two  thousand  couples  at  the  Royal  Institution,  first 
demonstrated  the  full  splendors  of  the  Voltaic  arch  between  electrodea 
of  well-burned  charcoal.  However  powerful  the  series  may  be,  no 
effect  is  seen,  in  the  air,  until  the  points  of  the  carbon  electrodes  are 
brought  into  actual  contact,  or  at  least  insensibly  near.  Uerschel 
noticed  that  an  electrical  spark  from  a  Leyden  637 

jar,  sent  through  the  carbon  points,  when  near 
each  other,  established  the  flow  of  the  Voltaic 

current,  by  projection  no  doubt  of  material  particles.  When  the  spark 
passes,  then  the  electrodes  may  be  withdrawn,  as  in  fig. 
637,  and  the  arch  of  electric  flame  connects  them  with  a 
white  and  violet  light  of  int<$lerable  brightness ;  several 
inches  in  length  if  the  pile  is  very  powerful.  This  arch 
of  seeming  flame  is  not  produced  by  the  combustion  of 
the  carbon  electrodes,  since  it  exists,  with  even  greater 
brilliancy,  in  a  vacuum,  or  in  an  atmosphere  of  nitrogen 
or  carbonic  acid.  Despretz  states  that  in  vacuo  with  a 
powerful  pile,  the  Voltaic  arch  may  be  formed  at  some 
centimetres  distance,  without  contact.  Fig.  638,  shows  a 
convenient  apparatus  for  this  experiment,  in  tcLcuo^  or  in 
various  gases,  as  in  Davy's  original  experiments.  The 
Voltaic  arch  is  accompanied  by  a  loud  hissing  or  rushing 
sound,  due  to  the  mechanical  removal  and  transportation 
of  particles  of  carbon  from  the  positive  to  the  negative 
electrode,  by  which  the  former  is  diminished  in  length,  or 
made  cup-shaped,  while  the  latter  is  sensibly  elongated, 
as  first  nj)ticed  and  described  by  Prof.  Sillinian,  in  1822 
(Am.  Jour.  Sci.  [1]  V.  108),  in  the  use  of  a  powerful  deflagrator  coiK 
ttructed  by  Dr.  Hare. 
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%f4.  Regalatora  of  the  eleo- 
trio  light.— Since  the  intruduo- 
ti on  or  powerful  coiiBtiiDt  batteries, 
it  hM  been  possible  lu  use  the  etec- 
tria  light  for  Bcieotiflo  and  eroDo- 
mical  porposei.  For  this  purpose 
regulafon  have  beeo  devised  to 
ronder  the  light  conelant,  bj  ap- 
proai'hiDg  the  clectroden   in    pro- 
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SSb.  Propertiea  of  tbe  electtio  light. — Like  the  ^ 
«ilnr  IJglit,  it  is  uiipulurizcd.  It  eKplodoB  a  mixture  of  h;dri>g«n  khiI 
clilorine,  and  aula  un  chlnriJe  uf  ailvur.  iiiij  other  pliolflgrnphic  prepS' 
rations,  like  the  sun.  BudisH  msile  phosphoreKveiit  by  tlie  suii.  nre 
Biiiiilarlj  affected  b;  tba  eleutric  tight.  In  184'2,  Silliaari  louk  dii|;uer- 
reuiypes  with  it  (Am.  Jour.  Sui.  [1]  XLIU.  IflS).  and  it  n  now  uaed  in 
preference  to  solar  light,  for  the  purpoee  oT  Uking  microKuupic  pbutu- 
grapbg.     (Uul  xiscq . ) 

FiiCHU  lud  FouFBull.  hate  campRied,  b;  pbotometrio  miuurcioetit,  tbe  ligbl 
from  uiDBljr-tiru  oarbon  eoDplei,  utanEad  In  two  aeriM  of  fortj-rii  (itTVj.  with 
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the  solar  leanii  and  also  with  the  ozyhydrogen  or  Dmmmond  light.  In  a  clear 
Aagust  day,  with  the  son  two  hoars  high,  the  electric  light,  assuming  the  sun 
as  unity,  bore  to  it  the  ratio  of  2*59 : 1,  t.  e.,  the  sun  was  twice  and  a  half  more 
powerful :  while  the  Dmmmond  light  was  only  the  one  one  hundred  and  forty 
sixth  that  of  the  sun.  Bunsen  found  the  light  from  forty -eight  elements  of  carbon, 
equal  to  fire  hundred  and  seventy-two  candles.  The  intensity  of  the  electric  light 
depends  far  more  on  the  size  of  the  indiyidual  members  of  the  pile  than  on  their 
number.  The  effect  from  forty  large  sized  couples  was  found  by  Fizoau  and  Fou- 
cault  to  be  about  the  same  as  that  from  double  the  number,  when  the  eighty 
were  arranged  consecutively,  as  in  fig.  630,  while,  with  the  same  elements  in 
two  parallel  series,  there  was  a  very  great  increase  of  effect.  Fraunhofer  showed 
that  the  spectrum  of  the  electric  light  was  distinguished  from  that  of  the  sun 
by  a  very  bright  line  in  the  green,  and  a  somewhat  less  luminous  one  in  the 
orange  (461).  Doye  has  lately  shown  (Poggendorff 's  AnnaUuf  1867,  No.  6)  that 
this  light  has  two  distinct  sources :  Ist,  the  ignition  or  incandescence  of  the 
translated  particles,  passing  in  the  course  of  the  discharge:  2d,  the  proper 
eleetrio  light  itself.  On  the  contrary,  Draper  has  shown  that  the  .  pectrum  from 
a  glowing  platinum  wire  heated  by  the  battery,  contains  no  dark  lines,  so  that, 
unlike  the  electric  light,  it  is  strictly  white  (Am.  Jour.  Sci.  [2]  VEII.,  340).  It 
is  not  only  particles  of  carbon  which  pass  in  the  Voltaic  arch,  but  of  whatever 
conductor  may  form  the  positive  electrode,  as  platinom,  or  any  metal,  and  the  light 
vM'ies  in  its  optical  properties  with  every  change  of  the  electrode.   ( Wbeatstone.) 

886.  Heat  of  the  Voltaio  aroh. — Deflagration. — When  the  posi- 
tive  electrode  is  fashioned  into  a  small  crucible  of  carbon,        545 
M  in  fig.  645,  gold,  silver,  platinum,  mercury,  and  other 
substances,  are  speedily  fused,  deflagrated,  or  volatilized, 
with  various-colored  lights. 

The  ^sion  of  platinum  (like  wax  in  a  candle)  before  the  Voltaio 
arch  is  significant  of  its  intense  heat,  and  still  more,  the  volatiliza- 
tion and  fusion  of  carbon,  a  result  first  announced  by  Prof.  Silliman 
in  1822,  and  since  confirmed  by  Despretz,  who,  by  the  union  of  the 
beat  of  six  hundred  carbon  couples  arranged  in  numerous  parallel  series,  and 
conjoined  with  the  jet  of  an  oxyhydrogen  blow-pipe,  and  the  heat  of  the  mid- 
day sun,  focalized  by  a  powerful  burning-glass,  succeeded  in  volatilizing  the 
diamond,  fusing  magnesia  and  silica,  and  softening  anthracite.  The  diamond 
is  lUso  softened,  and  converted  into  a  black  spongy  mass  resembling  coke,  or, 
more  noM'ly,  the  black  diamond  found  in  the  Brazilian  mines. 

A  delicate  stream  of  mercury  being  allowed  to  flow  from  a  narrow  elongated 
fbnnel  (the  negative  electrode),  upon  a  surface  of  mercury  in  a  glass  vase  form- 
ing the  positive  electrode,  is  deflagrated  with  transcendent  splendor.  Many 
yards  of  number  twenty  platinum  wire,  held  between  the  electrodes,  may  be 
kept  in  the  full  glow  of  white  heat  for  a  long  time.  The  teacher  can  devise 
many  pleasing  additional  experiments,  as  drawing  the  arch  beneath  water,  oil, 
and  other  liquids,  from  points  of  carbon,  or  from  platinum  and  steel  wires. 

When  a  fine  platinum  wire  is  made  the  positive  electrode,  and  a  solution  of 
chlorid  of  calcium,  or  any  other  metallic  c-hlorid,  is  made  the  negative  elec- 
trode, on  touching  the  surface  of  the  liquid  with  the  point  of  the  fine  wire,  if 
the  series  is  powerful  the  wire  is  fused  on  the  surface  of  the  liquid,  evolving  a 
light  of  surpassing  beauty,  whose  color  is  that  appropriate  to  the  metal  in  sola- 
tioB ;  «.  g.,  from  caloium  saltf,  violet-red ;  from  sodium,  yellow ;  from  barium* 
62* 
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rcddith-yellow ;  from  potMsinm,  riolei ;  iVoin  itrontiiUBy  red,  Ae.     Tb4 
tifUl  facta  wore  first  noticed  by  Dr.  Hare. 

Dr.  Page  has  described  a  singular  motion  imparted  by  the  earrent  to  globalet 
of  pare  meroary,  placed  in  a  shallow  dish,  and  covered  by  aeidalated  water;  tbs 
globales  elongate  to  oroide  and  move  actively  abont,  one  end,  thai  towards  tha 
-f-  pole,  being  clouded  by  escaping  gas-babbles.  If  the  mercury  contains  tme, 
the  position  of  the  clouded  end  is  reversed.     (Am.  Jour.  Sci.  [2],  XI.,  192.) 

887.  Measorement  of  the  heat  of  the  Voltaio  onrrent. — By 
means  of  a  long  wire  coiled  into  a  close  spiral,  and  enclosed  in  a  calo- 
rimeter of  glass,  containing  water,  Becquerel  and  others  have  established 
the  laws  regulating  the  flow  of  heat  in  the  electric  current,  by  its  efieel 
in  elevating  the  temperature  of  the  water.  A  coil  of  platinum  wire 
contained  in  the  bulb  of  a  Sanctorio's  thermometer,  becomes  a  means 
of  estimating  the  heat  of  currents  too  feeble  to  be  otherwise  measured. 
The  results  are,  that  when  a  Voltaic  current  traverses  a  homogeneous 
wire,  the  quantity  of  heat  in  a  unit  of  time  is  proportional: — 

1.  To  ihe  resistance  which  the  wire  opposes  to  the  passage  of  the  deC' 
iricity: 

2.  To  the  square  of  the  intensity  of  ihe  current.  The  intensity  of  a 
current  is  measured  by  the  quantity  of  water  which  it  will  decompose 
in  a  given  time. 

For  a  given  quantity  of  electricity,  the  elevation  of  temperature  at 
different  points  on  a  conducting  wire,  is  in  the  inverse  ratio  of  the 
fourth  power  of  its  diameter. 

Draper  has  applied  the  ooefBcient  of  expansion  to  determine  the 
degree  of  heat  corresponding  to  a  particular  color  (585). 

2.  Chemical  effects  of  the  pile, 

888.  Historioal. — The  chemical  effects  of  the  pile  are  most  wonderful, 

and  the  present  advanced  state  of  chemical  science  is  largely  attribu- 

table  to  the  flood  of  light  shed  by  the  researches  of  Davy  and  Faraday 

upon  the  electrical  relations  of  the  elements  and  the  deoomposition  of 

propounds  by  the  Voltaic  circuit. 

In  1800,  immediately  after  Volta's  announcement  to  Sir  Joseph  Banks  of  his 
discovery  of  the  pile,  Messrs.  Nicholson  and  Carlisle  constructed  the  first  pile 
in  England,  consisting  of  thirty-six  half  crowns,  with  as  many  discs  of  tino  and 
pasteboard  soaked  in  salt  water  (864).  Observing  gas-bubbles  arise  whan  the 
wires  of  this  pile  were  immersed  in  water,  Nicholson  covered  them  with  a  glass 
tube  filled  with  water,  and,  on  the  2d  of  May,  1800,  completed  Uie  splendid  dis- 
covery, that  the  Voltaic  current  had  the  power  to  decompose  water  and  other 
chemical  compounds.  Stimulated  by  so  fine  a  result,  chemists  and  phyricists 
everywhere  repeated  the  experiment,  perfecting  the  methods  of  obtaining  the 
oxygen  and  hydrogen  gases  in  a  separate  condition.  The  chemical  Uieory  of 
the  pile,  originally  advanced  by  Fabbroni,  a  countryman  of  Volta's,  some  yean 
before,  was  taken  up  and  ardently  advocated  by  Davy,  who,  in  1801,  had  sac* 
ceeded  to  a  place  in  the  laboratory  of  the  RoyiU  Institution :  where,  on  tha  Atl: 
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nonblo  disco Teiy  of 

;srded  u  ■  silnpla  subsUnca ; 

■od  •ooo  uncr  EitabLiHLcd  thn  •lirLling  Inilh,  tbal  all  [be  nrtbi  and  alkulica, 

until  tbco  MtMmvd  limple  BabiUa»i>~tbe  whole  crust  or  the  globe,  in  Tact— 

■en  oijtdl  of  metata.  *boae  r-iiilcDce  bad  billiertg  been  aaiuHpecUid. 

880.  Blectiolyaia  of  water. — Voltametei, — The  Viiltsic  decnm- 
poaitioD.  or  eleccroljaia  uf  water,  Is  the  finest  poBsible  iiluatrntion  of 
the  chemical  power  of  the  pile.  Water  is  a  compound  of  oijgeo  and 
hydrogen  gaves.  id  the  proportions  of  one  measure  uf  the  former  to  tw» 
of  the  latter.  When  two  gold  or  platinum  wirea  are  oaniiected  with 
the  opposite  endg  of  the  batterr,  and  held  a  short  distance  asunder  ip 
a  enp  of  water,  a  train  of  gas-bubbles  will  be  seen  risinft  from  eacK, 
and  escapinj;  at  the  surface.    If  the  electrodes  are  not  mt 

of  gold  or  platinum,  the  nivgen  combines  with  oni 
them,  and  onlj  hjdrogen  escapes,  as  in  Nicholson's 
^nal  experiment.  With  two  glass  tubes  placed  o' 
platinum  poles,  Eg.  6-Vi,  we  can  collect 
these  bubbles  as  thej  rise.  The  gas 
(hjdrogen)  given  off  from  the  negativs 
eleotroda  is  twice  the  volume  of  that 
obtaineil  from  the  positive.  When  the 
tubes  are  of  the  same  siie.  this  differ- 
ence becomes  at  once  evident  to  the 
eye.  Bj  examining  these  ganea,  wo 
sliull  find  them,  respoctii ely,  pure  hj- 
drogen  and  oijgen.  in  the  proportion  ^ 
of  two  volumes  of  the  former  to  one  of 
the  latter.  Agreeably  to  principles 
already  eiplained,  the  oxygen  (electro- negative)  appears  at  the  +  eleo- 
trode.  aud  the  hydrogen  (electro-positive)  appears  at  the  —  electrode. 
The  rapidity  of  the  decomposition  is  greater  when  the  water  is  made  a 
better  conductor,  by  adding  a  few  drops  of  sulphuric  avid;  and  for 
rapid  electrolysis  the  number  of  couples  in  Ihe  series  should  he  in- 
creased to  overcome,  by  superior  tension,  the  low  con-  A4g 
ducting  pnicer  and  chemical  affinity  of  the  electro- 
lyte. If  a  single  tube  only  covers  both  electrodes, 
in  fig.  647,  the  Uital  electrical  effect  is  easily  measured 
by  the  graduation  of  the  tube,  the  quantity  of  gases 
given  off  in  a  unit  uf  time  being  directly  as  the  current. 
The  oonteali'  of  this  tube  will   explode  if  a  ll^hi".) 


mati:h  is  applied  to  them 
Uirough  them. 

■f  lUa,  Blled  with  arid  watn  -,  th*  pUiinnn  el 
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■  ano  in  fig.  648,  madg  at  a 


I'llYBJCS   (IF    IMI'UNI'! 


.  p1«.. 


of  [,1.t 


u  tul>«  of  gluB  oontt.i*  eff  Ih* 
h;  tha  Blflolro1;au. 
great  nutnher  if  elob<ir»le 
sins  unahaken,  Farailaj   hu 


890.  Law*  of  electjoIy«U.— From  i 

expcrimoDM,  tlie  aucuniuj  of  which  ren 
deduued  the  folluvring  general  Iuwh  uf  eli 

Ist.  The  quantity  of  anj  given  electroljte,  resulved  into  it 
eiita  by  a  coiront  of  eleulriuily,  depends  eolely  on  Ilia  amount  of  elec- 
tricity pMsing  ihroDgh  it,  and  ii  indepeDclent  of  the  funa  of  ap)iiinitiu 
used,  the  Biia  or  dimeuBions  of  the  oleutrodes.  the  streugrh  of  llie  «ulu- 
tioD,  or  any  other  Dircnmstance.  Ilence,  the  amount  uf  water  decom- 
posed in  a  given  time  In  the  Voltameter,  is  tu  esaot  measure  of  Ui« 
quantity  of  eleutriuity  net  in  motion. 

2d.  In  every  cnHe  of  electrolysis,  the  elements  are  separated  in 
equivalent  or  atomic  proportionB.  and  when  the  some  current  passe*  in 
■ucoesBiun  through  eevernl  electrolylea  in  the  bbiii«  oircail,  the  whole 
series  uf  elemenU  set  free  are  bIbo  in  atomic  prupurtious  to  each  other. 
It  follows,  therefore,  that  the  amount  of  eleclrieitj  required  to  resolve 
a  chemical  combination,  is  io  cimstant  proportion  m  the  furue  uf  cbemi- 
oal  affinity  by  which  its  elsments  are  united. 

3d.  The  oxydntion  of  an  aloin  of  linn  in  the  battery,  generatw 
exactly  so  muoli  electricity  as  i»  required  Ui  resolve  an  atom  of  water 
into  its  elements.  Thus.  6'45  grains  of  linc  difsolved  In  the  liaOerj, 
occasions  the  electrolysis  of  2'35  grains  of  water.  But  Ihene  number* 
are  in  the  ratio  of  32'&  ;  9  the  equivalents,  respectively,  of  lioc  and  of 
water.  Hence  follow  these  corollaries :— Fire t,  The  source  of  Vottaie 
eUelrieUg  in  Ihe  pile  U  chanic(U  action  lolflj/.  Second,  TAt/orvft  termed 
chrmical  affinity  and  eltclricHj/.  are  one  and  the  »ain«. 

One  or  two  additional  illusti-ntionH  uf  these  laws  will  suffice  iu  this 
place,  referring  Ihe  student  to  chemical  MS 

trealifles  for  a  fuller  discussion   of  this 
very  important  lopjc. 

801.  EleotiolyaiB  of  salta.— In  the 
bent  lube,  B  A,  Gg.  64!*,  put  a  solution 
of  any  oeulriil  salt;  i.  e.,  sulphate  of 
sudd,  and  diffuse  the  blue  solution  from 
a  purple  cabbage  in  the  liquid.  Let  the 
current  of  a  Volmic  pile  communicate 
wiili  this  saline  coUitiDn  by  two  platinum 
wires,  dipping  inio  the  legs  of  the  tube — 
presently  ihe  blue  color  of  the  solulion 
is  changed  on  the  posiUve  side  for  red,  and  oi 
indicating  the  presence  of  an  acid  set  free  ii 


n  the  negative 
a  A,  and  of  an  alkali  ii 
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If  tie  ftctioQ  ij  kept  up,  the  whole  of  the  bine  liquid  is  cbno^  tu  red 
and  green.  TranspiHie,  then,  the  +  and  —  wires,  bo  u  to  reTeree  the 
directiun  of  the  curreot;  prewntlj,  the  red  and  green  change  back  to 
blue,  and.  in  a  ehort  time,  that  whicli  wm  red  becomes  green,  and  oiee 
ttermt.  This  is  a  case  uf  slectrolysie  in  which  the  eleotroljle  (sulphaU 
of  Boda)  is  changed,  not  into  its  ultimats  elements,  bat  only  into  the 
acid  and  alkali,  which  ma;  be  called  its  proximate  constituents ;  anj 
other  saline  fluid  maj  be  subs^tuted  with  similar  results.  If  an  alka- 
line ohloride  is  used,  ■'.  e.,  oommun  Halt,  the  free  cblorine  CTolred  on 
the  +  side,  discharges  all  color,  while  the  soda  produces  on  the  — 
side  it*  appropriate  green  tinL  If  a  metallic  salt,  e.  g.,  sulphate  of 
copper,  or  acetate  of  lead,  is  used  in  A  B,  then,  on  the  —  side,  metallic 
eopper  or  lend  is  evolved -,  while,  on  the  +  side,  is  the  free  acid  before 
in  oombiuatiun  in  the  salt. 

A  more  (DrprislTig  eismpli  of  tha  sppartnt  tTKnafer  of  ileaMTiM  uodsr  lb* 
power  of  lh«  Volulc  currant,  it  illuilrsud  in  Gg.  BSD,  wb*n  Id  B,  the  csolrs  gUu^ 
of  the  thr»  wiiw-gluHi,  A  B  C,  ii  ■  ftO 

iaIntioD  of  nilpltUa  of  uda,  whi' 
end  C  oontsiD  onlj  pare  watur,  blned 
with   CKbbsgs  mIbIIoh.     TiluneoU 
Bolat  ootton   wlek  eonnaet  tlia  tfa 
tluaaa,  end  the  elaetrodai  sr*  Intro-   i 
duced   Into  A  and  C,  when   the  same 
satiaa  of  ohuigei,  olreadj  dceulbfld  in 
Bg.  0411,  Ulict  plsee,  willi  the  same  r«- 
Tsruli  »b«D  the  alectrodu  are  moi- 

ferred.  B  remsini  ftppurentlj  nnehuigad,  whila  C  ii  reddenad,  a 
(n«n,  or  Wo  «»».  Then  ia,  in  fact,  aatbiDg  tnora  woaderrui  in  tbii  cus  Ihao 
in  tha  laat,  only  the  diaaaetion  of  tba  proceii  into  threo  parU,  ntktt  tbe  reaull 
itill  mors  ilriking.  In  place  of  A  B  C,  u;  oumbar  of  giaiau,  with  diffaranl 
aalt*  and  oomponndi,  ma;,  with  a  poircrful  Hriea  of  Bnnaan,  Iw  aubtiiiulcd, 
with  ratnlta  oonformable  w  the  law  in  J  8V0. 

892.  Bleotto-metalltugy.— The  eleotrotype.— The  cold  caatiug 
of  metals  by  the  Toltaic  current,  ia  a  fine  example  of  «>■ 

the  rich  gifts  made  by  abstract  »vience  to  the  practical 
arts  of  life.  Every  Dauiell's  battery  is,  in  fact,  an 
electro-metallic  bath,  in  which  metallic  copper  of  a 
firm  and  flexible  texture  is  constantly  thrown  down 
from  solution. 

Tbe  Tsr}  aimple  apparstaa  reqnirsd  lo  abov  Ibaaa  r 
ixperimanlall;,  ti  rspraaantsd  In  Iha  flg.  8&I.  It  ia  no 
in  feet,  bat  a  aingle  oeil  of  Daniall't  betttorj.  A  gUu 
blar,  S,  ■  comnoD  lamp-ehimnoT,  P,  *ilb  >  bleddai 
tied  oTer  the  lower  and  and  Blled  with  diluU  anlpburir 
ia  all  tha  i^paraMia  required.  A  atrong  aolotioo  of  ail 
of  copper  ts  put  inU>  tbe  tnmblar,  and  a  line  rod,  Z,  <a  i 
er  euti,  ■  ■>,  are  aupended  hj  wirea  attached  to  the  binding  acrtw  of  Z.   Tbua 
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■rraDgcl.  lbs  »pp*r  mldtiDa  li  slowlj  dBonfcpoaed,  init  IIh  mE 
Annlj  Jepi^ailed  oo  mm.  A  perfect  TBVvrie  oopj  af  nr  is  tbuH 
ndldftbla  copper,  Th«  buk  of  «  i»  proisricrl  bj  •■rnlih,  Is  r 
■ion  af  [he  iDetalUe  enppcr  to  ll.     Id  thit  oiDoer  ihe  mou  aUI 

mrt  ll  now  exteDalvalj  appliwl  to  ptAtiog  in  guM  And  tilrer  fron 
Iha  meuli  Uiui  dapoiited  adbariDg  parferll;  to  the  meikllio  i 
tbo;i  ftre  depoilled,  prarlded  IboH  be  quite  alsui  sod  hrlKhL 

Bven  allu^g,  lu  bruau,  bran,  and  Gumui  lilrBr,  ma;  b«  duputiled  secordlng 


The  pixillTO 

aIe«irodea  ataould  h«  of  the  »ma  m 

u  Iwjt*  M  tha 

plaW.  »f  tbc  h 

ulloT)'  furn»hin|(  the  i^urmut.     The 

DumniDal;  a»<t 

in  tlii>  act.  !■  leen  In  Bg  012.  wfaore 

La  &  loparixte  bath,  over  arhitih  are  cjttandad  two  itoul  rodji ;  B,  cmrryis;  tl>a 
abjneta.  m,  in  connectian  with  the  Degmlivg  lids  of  iJie  baltvrj  :  uid  iriib  thepoei- 
tlre  aide,  (be  rod  D,  on  which  )>  lUBpended  a  plate  of  tfae  metitl  propoMd  to  be 
depuiitod,  to  niaintain  Iha  uotforni  ilrcnglh  of  the  aulatinn,  whicb  ii  preferably 
kept  at  I  gomuvhal  bigber  U'mpcritturv  tbmi  ibat  uf  Ibo  air.  Wood-TOl*  and 
prinleri'  typei  nre  Ibui  copied  in  copper,  tbe  mould*  Ukan  In  «u  fion  Ihan 
being  miule  condaetora  bj  dusting  over  Ihe  inrfase  wilb  eltremelj  fine  plum- 
bago.  All  the  copper -plnlaa  fur  tbe  ebiicli  of  Ihe  United  Sutei  Coaat  Bartttj, 
are  reproduced  by  tbe  electrotj'pe — the  oriKlnala  nenr  being  naed  in  Ihe  preii, 
bni  onl;  Iba  cnpiaii  and  any  rcqaired  Damber  of  Ibaie  ina;  be  pruduced  a< 
■  mall  aipente.  For  an  inatrDctira  accnunt  of  Ibete  eII«nliTe  eleotriiljpe  opeia- 
tioDs,  the  atDdeui  ia  referred  la  a  p»p«r  hj  the  Blectrolypiil  of  the  Cuaai  Sur- 
rey. Ut.  a.  Malhioi  (Aracr.  Jnnr.  8ci.  [2],  XV..  SOi\ 

Wyi.  OryBtalliutian  from  the  action  of  feeble  cnttenta.—It 
was  knovrn  tu  the  nli^he mints,  very  earlj  in  chemitml  hinli-ry,  llint  evr- 
tain  mettiilB,  ak  fpild.  silT^r,  cupper,  1?hi1>  tin,  Ax!,,  were  deimxitei)  iu  ■ 
pure,  or  '•regulim"  noniJition,  fnim  their  loliitiiinti.  when  ADulher  niei»l 
•cos  present,  or  OTOn  Bome times  withuat  that  conditixti.  TIiub  llie  leail 
tree  (arbor  Saluma),  tbe  tin  tree  [arhor  Jwii),  the  gilrer  lTe«  {ttrtor 
Vianir).  vers  no  cnll-J  hy  the  Btchomifln.  rrmii  the  iippurctit  s>^*'<'> 
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of  thesfj  metals  out  of  their  solutions,  and  in  tree-like  forms.    This 
growth  we  now  know  to  be  due  to  Voltaic  crystalline  deposition. 

Bxamples. — A  Holntion  of  chlorid  of  gold  in  ether,  b  j  slow  change,  deposits 
■pontaneously,  crystals  of  fine  gold,  in  elegant  moss-like  growths ;  and  Liehig  has 
shown  as  how  to  prepare  a  silver  solution,  which,  by  the  aid  of  an  essential  oil  as  a 
reducing  agent,  will  coat  glass  with  a  film  of  silrer  so  thin  as  to  be  transparent, 
and  still  so  brilliant  as  to  reflect  light  more  perfectly  than  the  best  meroarial 
mirrors. 

A  dilate  solution  of  acetate  of  lead  (half  an  ounce  to  a  quart  of  rain  water), 
■arrenders  all  its  lead  to  a  strip  of  zinc  hang  in  the  containing  bottle,  in  elegant 
crystalline  plates  {the  arbor  Satumai) ;  this,  and  the  next  case,  are  true  Voltuc 
•ireoits,  while  in  the  first  two  cases,  hydrogen  appears  to  supply  the  want  of  the 
second  element  of  Voltaic  couple.  In  like  manner,  a  dilute  solution  of  nitrate 
ef  silver,  placed  over  mercury,  soon  deposits  all  its  silver  in  an  arborescent  form 
{arbor  Diana)  on  the  mercury. 

But  the  most  instructive  case  of  this  kind  is  when,  a  bar  of  pure  tin  is  placed 
apright  in  a  tall  vessel,  the  lower  hiUf  of  which  is  filled  with  a  saturated  solution 
of  protoehlorid  of  tin,  while  above  it  rests  a  dilute  solution  of  the  same  salt. 
The  bar  is  therefore  in  two  solutions  chemically  identical,  but  physically  unlike 
The  result  is  a  Voltaic  current,  by  which  metallic  tin,  in  beautiful  brilliant  plates, 
is  deposited  upon  the  upper  part  of  the  bar,  while  the  lower  part  is  correspond- 
ingly dissolved  by  the  free  electro-negative  element  of  this  electrolysis. 

The  earliest  recorded  experiments  with  this  species  of  Voltaic  circuit  are  those 
of  Buchols  (1807),  whence  this  slow-acting  pile  is  sometimes  called  the  "  HuehoU- 
pile/*  Becqoerel  has  greatly  extended  our  knowledge  of  the  actions  thus  pro- 
duced, forming  thereby  many  non-metallic  crystalline  products.  Cross  thus 
formed  crystals  of  CM'bonate  of  lime  in  two  days  in  the  light,  or  in  six  days  in  the 
dark.  Mallett  thus  produced  crystals  of  copper,  and  of  rod  oxyd  of  copper,  in 
a  single  night  from  the  nitric  solution.     (Am.  Jour.  Sci.  [2]  XXX.  253.) 

894.  Deposit  of  metallic  ozyds  and  Nobili's  rings. — Becquerel 
has  shown  that  oxyd  of  lead  and  oxyd  of  iron  may  be  deposited  in 
a  thin  film  on  the  snrfaq^  of  oxydixable  metals  by  using  an  alkaline 
solution  of  the  metallio  oxyd,  and  making  the  plate  to  be  oxydized  the 
negative  electrode  of  a  constant  battery  ;  a  deep  brown  ooating  of  the 
oxyd  is  thus  deposited  in  a  few  minutes  so  firmly  as  to  withstand  the 
action  of  the  burnisher,  and  perfectly  protect  the  iron  or  steel  from 
atmospheric  action. 

If  the  film  of  oxyd  of  lead  is  very  thin,  it  presents,  over  a  surface 
of  polished  silver  or  steel,  a  most  pleasing  exhibition  of  colored  rinp;^, 
analogous  to  the  colored  rings  of  Newton  from  thin  plates  (530).  For 
this  purpose  the  negative  electrode  is  made  of  a  thin  platinum  wirn, 
protected  from  the  solution  by  a  glass  tube,  except  at  the  extremity, 
where  a  n^re  point  is  presented.  A  rim  of  wax  on  the  edges  of  the 
plate  retains  the  solution  of  potassa,  saturated  with  oxyd  of  lead,  while 
it  is  connected  on  the  positive  pole,  and  the  negative  point  is  held  for  a 
few  seconds  within  a  line  of  the  polished  surface.  These  colored  rings 
were  first  noticed  by  Mr.  Nobili,  whence  their  name. 
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3.  Physiological  effects  of  the  pile. 

895.  The  physiological  effects  of  the  Voltaic  pile. — Galvani's 

original  experiment,  and  the  earlier  observations  of  Swammerdam  and 
Sulzer,  of  two  metals  oo  the  tongue,  deserve  to  be  rememliered  as  being 
our  earliest  knowledge  of  this  subject.  From  a  single  cell,  or  even  a  small 
number  of  pairs,  the  dry  hands,  grasping  the  electrodes,  receive  no  sen- 
sation ;  number,  and  not  size  of  elements,  is  requisite  for  the  physio- 
logical effect.  Thus,  from  a  column  of  fifty  elements,  or  still  more  from 
fifty  cups  of  Bunsen,  or  a  Cruickshank's  trough  (870),  a  smart  twinge  is 
felt,  reaching  to  the  elbows,  or  if  the  hands  are  moistened  with  saline 
or  acid  water,  the  shock  will  be  felt  in  the  shoulders.  This  shock  is 
unlike  the  sharp  and  sudden  commotion  from  statical  electricity,  being 
a  more  continued  sensation,  accompanied,  during  the  continuance  of  the 
current,  by  a  sense  of  prickly  heat  on  the  surface.  But  it  is  only  at 
the  making  and  breaking  of  contact  that  a  shock  is  felt.  If  the  battery 
contains  some  hundreds  of  couples  actively  excited,  the  shock  becomes 
painful,  or  even  fatal.  It  may  be  passed  through  any  number  of  per- 
sons whose  moistened  hands  are  firmly  joined,  but  it  is  sensibly  less 
acute  at  the  middle  of  such  a  circuit  than  to  those  at  the  electrodes. 
Even  after  death,  this  power  produces  spasmodic  muscular  contrac- 
tions, efforts  to  rise,  and  contortions  of  the  features  frightful  to  behold.* 
PerKons  in  whom  animation  was  suspended,  have  been  restored  by  the 
influence  of  the  hydro-electric  current  on  the  nervous  system. 

The  senses  of  sight,  boarin^.  and  tiuttc,  are  all  affected  by  a  Voltaic  eurrent; 
a  flash  of  light,  a  roaring  sound,  and  a  sub-metallic  savor  being  received  when 
the  shock  of  a  small  battery  is  passi^d,  successively,  through  the  eyes,  th«  aart, 
and  the  ton^pie. 

From  the  experiments  of  Becquerel,  it  appears  that  seeds  subjected  to  a 
gentle  electric  current,  germinate  sooner  than  otherwise.  Von  Mamm  observed 
that  plants  with  a  milky  juice,  like  the  Euphorbiaeeof,  do  not  bleed  after  a 
powerful  oleclrical  shock,  owing,  ho  suggests,  to  the  lots  of  contractile  power  in 
the  plant. 

For  a  detailed  account  of  the  application  of  electricity  to  medical  nses,  con> 
suit  the  works  of  Dr.  G.  Bird  (of  London),  W.  F.  Channing  (of  Boston),  and  the 
late  elaborate  volume  of  Dr.  Qarrett. 

The  magnetic  effects  of  the  pile  belong  to  electrodynamics, 
while  its  electrical  effects  have  already  been  considered  in  {}  863,  864. 

VII.    THEORY  OP  TnB  PILE. 

896.  Three  views.— 1.  It  has  already  been  stated  (863),  that  Yolta 
and  his  school  ascribed  the  effects  of  the  pile  to  the  simple  contact  of 
unlike  metals,  each  decomposing  the  neutral  electricity  of  the  other. 


*  See  a  notice  of  Dr.  Ure's  experiments  on  a  newly  executed  criminid,  at 
Glasgow,  in  1818.     Harris,  Gaivai)i.<im,  123,  J.  Weale. 
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He  argued  that  the  chemical  action  of  the  battery  was  requisite  only 
to  afford  conductors  for  the  electricity,  while  the  metallic  sabstances 
remaining  in  every  way  unchanged,  they  are  supposed  to  discharge 
into  each  other.  According  to  this  hypothesis,  the  two  metals  are  io 
opposite  electrical  states,  one  being  positive,  the  other  negative ;  these 
states  becoming  at  once  destroyed  by  the  intervening  fluid.  This  theory 
assumed  that  the  whole  effect  of  the  apparatus  is  but  a  disturbance 
and  reproduction  of  electrical  equilibrium.  This  view,  however,  can- 
not be  maintained,  since  it  involves  an .  impossibility : — the  production 
oi'  a  continual  current,  flowing  on  against  a  constant  resistance,  with- 
out  any  consumption  of  the  generating  force. 

2.  On  the  other  hand,  Fabbroni,  Davy,  Wollaston,  and,  above  all,  in 
our  day,  Faraday,  De  la  Rive,  and  Becquerel  have  sought  to  establish 
that  the  Voltaic  excitement  was  only  the  reciprocal  of  the  chemical 
action ;  and  as  this  was  more  intense,  and  properly  directed,  so  was 
the  pile  more  powerful.  In  addition  to  the  statements  and  arguments 
already  adduced,  it  is  proper  here  to  consider  the  ground  of  these  two 
views,  and  somewhat  more  in  detail. 

3.  A  third  view  or  theory  of  the  pile  has  been  advanced  by  Peschel, 
which  he  calls  the  molecular  theory ,  and  which  rests  on  a  sort  of  middle 
ground  between  the  contact  and  the  chemical  theories. 

897.  Volta*8  contact  theory. — The  advocates  of  this  mode  of  ex- 
plaining the  action  of  the  pile  (embracing  nearly  the  whole  body  of  the 
German  physicists),  contend  that  they  have  experimentally  established 
the  following  points  in  support  of  Yolta's  theory,  viz. :  1st,  That  Volta's 
original  experiments  demonstrate  the  fact  beyond  question,  that  the 
simple  contact  of  heterogeneous  metals  does  produce  an  electrical  cur- 
rent (846).  2d,  That  in  some  cases,  when  a  purely  chemical  action 
exists  between  a  fluid  and  one  of  the  two  metals  immersed  in  it,  the 
contact  of  the  metals  arrests  this  action,  and  an  opposite  action  com- 
mences. 3d,  That  there  are  even  cases  of  hydro-electric  combinations, 
in  which  electrical  action  exists,  without  any  chemical  action  whatever 
on  the  electromotors.  4th,  The  advocates  of  this  view  further  contend 
that  chemical  action  is  never  the  primitive  cause  of  electribal  excite- 
ment ;  although  some  do  not  question  the  influence  of  chemical  action 
in  promoting  and  increasing  the  excitement  originally  due  to  contact. 

Since  scarcely  any  chemical  action,  or  none  at  all,  occurs  in  a  con- 
stant battery  without  contact,  it  is,  with  reason,  urged  that  contact  of 
the  heterogeneous  metals  is  the  one  indispensable  prior  cause  of  the 
Voltaic  current.  Hence  the  real  difficulty  seems  to  be,  to  decide  what 
share  chemical  influence  really  has  in  exciting  the  electrical  action. 
Want  of  8pace  prevents  our  giving  the  evidence  in  detail  upon  which 
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the  odTOcates  of  the  coDtaot  theory  rely  for  the  eu|>port  of  the  mhorm 
propositiuDs. 

898.  The  ohemioal  theory  assumes  the  electrical  current  to  be  the 
reciprocal  of  the  chemical  action  in  the  cells  of  the  battery,  and  that 
chemical  action  is  essential  to  the  production  of  such  a  current. 

De  la  Rive  demonetrated  this  latter  point  in  the  following  manner: 
A  pair,  formed  of  two  plates,  one  of  gold,  the  other  of  platinnm.  wma 
plunged  into  pure  nitric  acid,  without  the  development  of  any  corrent^ 
by  the  addition  to  the  nitric  acid  of  a  single  drop  of  chlorohydrio  acid, 
a  very  decided  current  was  obtained  from  the  gold  to  the  platinum 
through  the  liquid.  In  the  first  case  there  was  no  chemical  action ;  in 
the  second  case,  the  gold  was  attacked,  and  the  platinum  was  not,  or 
more  feebly. 

The  laws  of  electrolysis,  first  demonstrated  by  Faraday,  as  already 
stated  (890),  lend  the  evidence  of  mathematical  certainty  to  the  chemi- 
cal theory  of  the  pile.  Since  we  thus  reach  the  unavoidable  conclusion 
that  an  equivalent  of  electricity  is  a  chemical  equivalent,  and  so  bring 
the  discussion  down  to  the  rigid  test  of  the  balance,  the  ultima  ratio 
of  chemists  and  physicists. 

In  addition  to  the  laws  of  Faraday,  already  rehearsed,  are  the  fol- 
lowing : — 

Laws  of  the  diaengagement  of  electricity  by  chemical  actioii, 
first  stated  by  M.  Becquerel : — 

Ist.  In  the  combination  of  oxygen  with  other  bodies,  the  oxygen  takes  the 
electro-positive  substance,  and  the  combustible  the  electro-negative. 

2d.  In  the  combination  of  an  acid  with  a  base,  or  with  bodies  that  act  as  sach, 
the  first  takes  the  positive  electricity,  and  the  second  the  negative  electricity. 

3d.  When  an  acid  acts  chemically  on  a  metal,  the  acid  is  electrified  positively, 
and  the  metal  negatively  :  this  is  a  consequence  of  the  second  law. 

4th.  In  decompositions,  the  electrical  effects  are  the  reverse'of  the  preceding. 

5th.  In  double  decompositions,  the  equilibrium  of  the  electrical  forces  is  not 
disturbed. 

The  quantity  of  electricity  required  to  produce  chemical 
action  is  enormous,  compared  with  the  amount  of  statical  electricity 
disturbed  by  the  common  frictional  machine.  Farnday  has,  in  his 
masterly  way,  demonstrated  this  fact  by  simple  experiment. 

He  hus  shown  that  the  quantity  of  Voltaic  electricity  requisite  for  decomposing 
one  grain  of  water,  would  be  suflScient  to  maintain  at  a  red  beat  a  wire  of  plati- 
num about  one  ono-hundredtb  of  an  inch  (y  ^^ )  in  diameter,  during  three  minutes 
forty-five  seconds,  the  time  requisite  to  effect  the  perfect  decomposition  of  the 
grain  of  water.  The  quantity  of  frictional  electricity  required  to  produce  the 
same  effect,  would  be  that  furnished  by  eight  hundred  thousand  discharges  of  a 
battery  of  Ley  den  jars,  exposing  three  thousand  five  hundred  square  inches  of 
surface,  charged  with  thirty  turns  of  a  powerful  electrical  machine. 

Becquerel,  by  a  different  mode  of  experiment,  arrived  at  nearly  the  tame 
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•Mnltt  Thereforo,  to  deoon  pose  a  grain  of  water,  requires  an  amount  of  eleo- 
jricity  eqaal  to  that  furaisLed  by  the  discharge  of  an  electric  pane  having  a 
surface  of  thirty-two  acres.  "  Equal  to  a  very  powerful  flash  of  lightning." 
"  This  Tiew  of  the  subject  gives  an  almost  orerwhelming  idea  of  the  extraordi- 
nary quantity  of  electric  power  which  naturally  belongs  to  the  particles  of 
■uUter."    (Faraday  Expt  Res.,  863>861.) 

899.  Polarisation  and  transfer  of  the  elements  of  a  liquid. — 
The  electro-chemical  theory  has  been  much  expanded  by  the  researches 
of  De  la  Rive;  he  explains  the  phenomena  of  polarization  and  the 
transfer  of  the  elements  of  a  liquid  in  the  following  manner : — 

His  theory  assumes  that  every  atom  has  two  poles,  contrary,  but  of  the  same 
force  The  different  kinds  of  atoms  differ  from  each  other  in  that  some  have  a 
&ore  powerftil  polarity  than  others.  When  two  insulated  atoms  are  brought 
near  each  other,  they  attract  each  other  by  their  opposite  poles ;  the  positive 
pole  of  that  which  has  the  strongest  polarity  unites  with  the  negative  pole  of 
that  which  has  the  feeblest  polarity.  A  compound  atom,  when  insulated,  has 
tiierefore  two  contrary  polarities  between  the  poles  of  a  pile ;  for  example,  the 
atom  is  so  arranged  that  its  -f-  pol®  ^  turned  to  the  platinum  (or  —  side)  of 
the  pile,  and  the  —  pole  is  turned  to  the  sine  (or  -j-  side)  of  the  pile.  This 
same  action  occurs  with  other  atoms,  so  that  there  is  produced  a  chain  of  polar- 
ised particles  between  the  poles  of  the  pile.  R  A  DC  LI 

The  oxygen  of  the  particle  of  water  nearest  the  sine  becomes  negative, 
oecanse  of  its  affinity  for  the  xinCy  and  the  hydrogen  becomes  positive.  The 
other  particles  of  water  become  similariy  electrified  by  induction,  but  the 
platinum  has  become  negative  by  induction  from  the  sine,  and  therefore  is  in  a 
cundition  to  take  up  the  positive  electricity  from  the  zinc  of  the  contiguous 
hydrogen.  The  action  now  rises  high  enough  for  the  sine  and  the  oxygen  to 
combine  chemically  with  each  other.  The  oxyd  of  sine  thus  formed  dissolves 
In  the  liquid  (dilute  sulphuric  acid),  and  is  thus  removed.  But  the  parti jle  of 
hydrogen  nearest  the  sine,  now  seizes  the  oppositely  electrified  oxygen  of  the 
a^acent  particle,  producing  a  fresh  atom  of  water.  The  particle  of  hydrogen 
which  terminates  the  flow  is  electrically  neutralized  by  the  platinum,  to  which  it 
imparts  its  excess  of  positive  electricity,  and  escapes  in  the  form  of  gas ;  and 
other  particles  of  water  are  continually  produced,  to  supply  the  place  of  those 
decomposed,  and  thus  continuous  action  is  maintained.  These  changes,  con- 
tinually taking  place,  furnish  an  uninterrupted  flow  of  electricity,  which  is 
conveniently  termed  a  Voltaic  current. 

Other  instances  of  electrolysis  are  explained  in  a  similar  way. 

900.  Chemioal  affinity  and  molecalar  attraction  distinguished. 
— According  to  De  la  Rive,  and  in  support  of  the  view  of  the  polarity 
of  atoms,  the  distinction  between  chemical  affinity  and  molecular 
attraction  is  as  follows :  chemical  affinity  is  the  attraction  of  atoms, 
operating  by  their  contrary  electric  poles,  which  come  into  contact, 
while  physical  attraction  results  from  the  mutual  attractive  action  that 
the  atoms  exercise  over  each  other  in  virtue  of  their  masses.  This  last 
attraction  is  never  able  to  produce  contact,  because  of  the  repulsive  force 
of  the  ether  which  envelops  the  atom,  and  which  increases  in  proportion 
as  the  sphere  which  separates  the  attracted  atoms  diminishes  (146). 

901.  Pesoheirs  moleoolar  theory  of  the  pile. — Resting  upon  the 
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opinion  long  held  by  many  chemists,  that  those  forces  which  lie  at  die 

basis  of  adhesion,  and  those  which  cause  chemical  affinity  are  not  eseen- 

tially  different,  Peschel  holds  that —  When  electricity  is  ffCMerated  in  any 

Voltaic  arrangement,  it  results  from  a  molecular  change^  brought  eUnmi 

in  the  touching  bodies  by  the  adhesive  force  which  subsists  between  them. 

This  theory  possesses  the  advantage,  that  no  new  power  need  be  aMomed  to 
exist,  whereas  the  contact  theorj  demands  the  existence  of  an  **  e/ccfro-mof ire 
foret,**  of  which  we  know  nothing.  It  also  aoooants  for  the  production  of  eleo- 
tricitj,  apart  from  any  chemical  action.  In  eommon  with  the  chemical  hypo* 
thesis,  it  deduces  the  phenomena  of  the  single  battery  firom  the  molecular  foroeai 
it  considers  th<^  fluid  not  merely  as  a  conductor  of  electrieity,  but  as  engaged  in 
its  production,  and  that  the  elements  of  the  battery,  by  the  physical  ohaogea 
which  they  undergo,  are  the  actual  sources  of  electricity;  that  their  contact 
renders  this  chauge  possible,  and  it  is,  therefore,  the  occasion,  and  not  the  gene> 
rating  cause,  by  which  the  electricitj  is  produced.  By  this  riew,  the  chemieal 
hypothesis  is  onlj  a  special  case  of  the  molecular.  The  simultaneous  eom- 
mencement  of  chemiciJ  action  with  the  doTelopment  of  electricity,  and  tba 
circumstance  that  the  chemical  intensity  of  a  simple  Voltaie  arrangement 
increases  and  decreases  as  the  chemical  action  on  the  fluid  conductor,  and  on 
the  elements  of  the  battery  is  greater  or  less,  fully  accords  with  the  statMnents 
of  this  theory.  It  follows,  hence,  that  the  electrical  and  molecular  foroee  are  one 
and  the  same,  and  that  the  latter  appears  as  electricity  whenerer  it  passes  from 
one  mode  of  operation  into  the  other,  as,  e.  ^.,  when  it  ceases  to  hold  Uie  elements 
of  the  water,  and  so  oxydizes  the  tine. 

2  4.  Eleotro-Dynamics. 

I.     ELECTRO-MAGNETISM. 

902.  Qeneral  laws. — Electro-dynamics  is  that  department  of  physics 
devoted  to  the  mutual  action  of  Yolta^lectric  currents.  These  are 
distinct  from  the  phenomena  of  static  electricity.  The  phenomena  of 
electro-dynamics  may  all  be  arranged  under  the  following  general 
propositions. 

1.  Eoery  conductor,  conveying  a  current  of  electricity,  affects  a  free 
needle  as  a  magnet  would  do, 

2.  Electric  currents  affect  each  other  like  magnets, 

3.  A  magnet  acts  upon  an  electric  current  as  a  second  current  would 
havt  iitie. 

4.  Electric  currents  in  conductors  excite  similar  currents  in  other  con- 
ductors urUhin  their  influence, 

5.  Magnets  excite  electric  currents,  and  all  the  electrical  effects  depend* 
tng  upon  them. 

Hence,  when  magnetism  is  excited  by  electric  currents,  it  is  called 
electro-magnetism :  and  inversely,  when  electrical  currents  result  from 
magnetism,  they  are  called  magneto-electiiccU  currents. 

It  is  impossible,  in  our  narrow  limits  of  space,  to  consider  each  of  these  pro* 
positions  in  full  detail.  We  shall  endeavor,  however,  to  present  tiiose  phono* 
mena  and  their  applications  which  are  of  most  general  interest. 
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903.  GBnted*8  discovery.— In  1819-20,  Prof.  Hans  Christian  CEr- 
•ited,  of  Copenhagen,  in  a  course  of  researches  upon  the  relation  of  the 
Voltaic  apparatus  to  the  magnet,  made  the  discovery  of  the  fundamental 
fact  of  electro-magnetism,  stated  in  the  first  of  the  foregoing  proposi 
tions.  Many  physicists  had  before  sought  to  evolve  the  phenomena 
of  magnetism  from  the  battery ;  but  in  vain,  because  they  proceeded 
without  connecting  the  poles  by  a  conductor,  in  which  case,  of  course 
(as  we  now  clearly  see),  the  power  of  the  apparatus  is  dormant,  like 
stagnant  statical  electricity  in  an  unexcited  conductor.  (ErsUd  dosed 
the  baUery  circuit  by  a  conductor;  and  therein  rests  his  discovery.  He 
found  when  such  a  conjunctive  wire  was  approached. to  a  free  needle, 
that  the  needle  was  influenced  by  it,  as  if  he  had  used  a  second  mag- 
net :  in  other  words,  the  conducting  vrire,  of  whatsoever  metal  it  might 
happen  to  be,  had  itself  become  a  magnet. 

If  positive  electricity  flows  from  south  to  north  over  a  horizontal 
conducting  wire,  placed  in  the  magnetic  meridian,  then  a  free  magnetic 
needle,  6  a,  fig.  653,  would  have  its  north  end,  b,  deflected  to  the  west, 
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if  it  is  placed  below  the  conducting  wire,  and  to  the  east  if  it  is  placed 
mbove  the  wire.  If  the  needle  is  placed  on  the  east  side  of  such  a  con- 
ductor, its  norlh  end  is  depressed,  if  on  the  west  side  of  the  wire,  the 
north  end  of  the  needle  is  raised.  Reversing  the  direction  of  the  cur- 
rent, reverses  all  these  movements. 

The  rectangle,  fig.  65-1,  surrounding  the  magnetic  needle,  has  three 
^nneotions,  by  the  use  of  which  the  current  may,  at  pleasure,  be  sent 
above  or  below  the  needle. 

(Ented  also  foand  that  only  needles  of  steel  or  iron  were  thus  affected,  and 
not  those  of  brass,  lao,  and  oUier  non-magnetic  substances.  He  called  the  oon- 
diietor  9  **  eonjunetite  wire,"  and  he  describes  the  effect  of  the  electric  onrrent 
(or  the  **  eleoUio  conflict,"  as  he  calls  it),  as  resembling  a  helix  ;  and  that  it  is 
not  confined  to  the  wire,  bat  radiates  an  influence  at  some  distance. 

The  effect  of  (Ersted's  discovery  was  remarkable.  The  scientific  world  was 
ripe  for  it,  and  the  tmth  he  thus  stnick  out  was  instantly  seised  apon  by  Arago, 
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Ampdra,  Davy,  and  a  orowd  of  philosophers  in  all  eomntrlM.  Tha  aet^ty  wUi 
which  this  new  field  of  research  has  been  caltiyated,  has  never  relaxed,  eren  U 
this  hour ;  while  it  has  borne  Aruit  in  a  multitade  of  important  theoretieal  ano 
practical  truths,  among  which  is  the  klbctbo-ma.oiibtic  tklkorapb,  one  of  thk 
great  features  of  this  age. 

904.  The  eleotro-magnetio  onrrent  moves  at  right  angles 
to  the  course  of  the  oonjnnotive  ^vrire. — Let  a  current  flow 
over  a  conductor  in  the  direction  of  the  arrow,  fig.  655,  from  -f-  to  —  ; 
a  small  bar  of  soft  iron,  or  a  steel  sewing-  ^^^ 
needle,  held  vertically  before  this  wire,  be-  ^ii 
comes  instantly  a  magnet,  with  its  N.  pole 
toward  the  earth — place  the  rod  of  iron  on  the 
opposite  side  of  the  conjunctive  wire,  and  ii;8 
polarity  is  instantly  reversed,  as  in  the  figure.  Revolve  it  in  either  posi- 
tion in  a  vertical  plane  at  right  angles  to  the  conjunctive  wire,  and  the 
induced  poles  will  retain  their  relation  to  the  current  in  every  poeiUon ; 
t.  e,,  the  end  marked  N.  in  the  figure,  will  remain  north  at  every  point 
of  the  revolution.  If  a  steel  needle  is  used,  it  retains  polarity  after 
the  current  ceases  to  act  on  it.  If  the  bar  or  needle  be  laid  parallel  to 
the  conjunctive  wire,  then  the  two  sides  of  the  needle  or  bar  have  oppo- 
site polarities. 

Hence,  it  foUowSy  that  a  free  magnetic  needle  tends  to  place  itself  at  right 
angles  to  the  path  of  an  electro-magnetic  current  traversing  a  ooigunctive  wire^ 
and  were  the  needle  free  from  the  directive  tendency  of  terrestrial  magnetism, 
it  would  so  place  itself.  The  electro-magnetic  current  is,  therefore,  a  tangential 
force,  and  acts  tangentially  upon  a  free  needle. 

Simple  as  is  the  relation  between  the  electric  current  on  a  wire,  and  the  order 
of  polarity  induced  by  it  in  a  needle,  its  correct  expression  is  always  diffienlL 
To  aid  its  exact  statement  by  some  simple  formala^  Ampire  lays  down  the 
following  rule : — 

The  north  pole  of  a  magnet  is  invarioMi/  deflected  to  the  left  of  the 
current  which  passes  between  the  needle  and  the  observer,  «oAo  is  to  hoot 
his  face  towards  the  needle,  the  electric  current  being  supposed  to  enkt 
from  his  feci  and  pcLSS  out  of  his  head, 

A  verification  of  these  cardinal  principles  by  actual  experimenti  is 
the  only  way  in  which  the  student  can  obtain  a  vivid  and  lasting  im 
pression  of  them. 

905.  Qalvanometers  or  multipliers. — If  the  oonjunctive  wire  is 
bent  into  a  rectangle,  fig.  656,  so  as  to  carry  656 

the  current  once,  or  many  times,  around  the 
needle,  then  the  effect  of  the  same  force  on  the 
needle  is  multiplied  in  proportion  to  the  num- 
ber of  convolutions.  Thus  Schweigger  con- 
trived bis  multiplier^  fig.  656,  composed  of  a 
flat  spool  of  fine  insulated  copper  wire  within  which  the  needle  waf 
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knd  thu  quantity  is  read  off  by  an  index  and  {graduation  engraved  on  the  farthei 
end«  of  the  cylinders.     This  apparatus  is  indispensable  in  exact  obse  ^vations. 

908.  Ampere's  eleotro-magnetio  disooveries  and  theory. — Im- 
mediately after  the  firf  t  announcement  of  (Ersted's  discoTery  of  the 
magnetic  powers  of  a  conjunctive  wire,  Ampere,  one  of  the  most  re- 
nowned of  the  French  physicists  (born  1755 — died  1836),  commenced  a 
series  of  experiments  (September,  1820)  to  determine  the  laws  con- 
cerned in  these  curious  phenomena.  Of  three  principal  hypothesis 
which  he  framed  to  this  end,  he  finally  accepted  and  demonstrated  the 
following,  viz.  :— 

A  magnet  is  composed  of  independent  elements  or  molecules^  fohich 
let  as  if  a  closed  electric  circuit  existed  within  each  of  them :  in  other 
words,  each  of  these  magnetic  molecules  may  be  replaced  by  a  conjunctive 
wire  bent  on  itself,  in  which  a  constant  current  of  electricity  is  maintained^ 
as  from  a  Voltaic  circuit. 

This  hypothesis  he  maintained  by  singularly  ingenious  experiments,  many  of 
irhich  were  the  direct  suggestion  of  the  hypothesis  itself,  and  he  brought  all, 
by  his  power  of  mathematical  analysis,  into  exact  conformity  with  his  theory. 
This  theory  recognises  only  such  forces  as  are  common  to  mechanical  physics, 
and  often  called  "jnmh  and  pull"  forces.  These  forces  are  mutual,  and  belong 
to  all  electric  currents.  In  permanent  magnets,  the  minute  circular  and  parallel 
enrrents,  pertaining,  by  this  theory,  to  each  magnetic  molecule,  all  act  at  right 
angles  to  the  magnetic  axis  or  line  of  force.  Hence,  as  in  (Ersted's  experiment 
<908),  the  magnetic  needle  strives  to  place  itself  at  right  angles  to  the  path  of 
the  current  on  the  conjunctive  wire,  it  follows,  that  currents  in  the  magnet  seek 
a  parallelism  to  that  in  the  conjunctive  wire.  Granting  this  to  be  true,  it  fol- 
lows, as  a  corollary  from  the  premises, — 

IsL  T%at  two  free  conducting  wiret  m%ut  attract  or  reptl  each  other,  according 
to  the  direction  of  the  eurrente  in  them, 

2d.   That  a  conjunctive  wire  may  be  made  in  all  retpecie  to  eimulate  a  magntt, 

909.  Mutual  action  of  electric  currenta. — Parallel  currents  attract 
each  other  when  they  flow  in  the  same  direction.  Thus,  in  fig.  662,  where 
the  arrows  and  the  signs  -f  and  —  indicate  the  flow  of  the  currents  to 

662  663 


+ 


be  identical,  there  is  attraction,  while,  in  fig.  663,  the  same  signs  show 
the  currents  to  be  reversed,  in  conformity  to  the  law  that : — Parallel 
currents  repd  each  other  when  their  directions  are  opposite.  To  illustrate 
these  laws  experimentally,  one  of  the  conductors  should  be  fixed, 
and  the  other  movable.  The  following  simple  apparatus  also  illus- 
trates these  laws,  and  several  other  points  of  interest  presently  to  be 
noticed. 
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Da  La  Rive*8  floating  onrrent,  flg.  664,  is  a  little  battny  of  am«]g»- 
iiiated  lino,  m,  and  copper,  e,  or  zinc  and  platinum,  set  afloal  by  a  diae  of  ooriu 
a  6,  whose  poles  4~  *^^  —  S'®  connected  by  a  oo^janotiye  664 

wire,  •  C  When  this  little  float  is  placed  in  a  Tessel  «^f  aeida-  ^ 
lated  water  (water  with  one-twentieth  snlphario  aidi),  an 
electric  current  flows  in  the  direction  of  the  arrow.  Then 
join  the  poles  of  a  single  cell  of  Grove's  or  Smee's  battery 
by  a  co^junctire  wire  of  convenient  length,  and  stretching 
the  wire  between  the  two  hands,  approach  it  parallel  to  •  I ; 
if  the  current  is  flowing  in  the  same  direction,  the  float  will  be  attneted  to  the 
wire  in  the  hands ;  if  otherwise,  repulsion  is  seen.  If  the  two  wires  are  sot 
parallel  to  each  other,  then  the  movable  current  seeks  to  take  up  a  position  of 
parallelism,  or  one  in  which  the  two  currents  have  a  similar  direction.  A  little 
rectangular  frame  of  wood  3  X  ^  ^°-'  ^^7  ^  wound  with  ten  or  twelve  turns  of 
flue  copper  wire,  covered  by  silk  in  the  manner  of  a  665 

galvanometer,  and  its  free  ends  connected  with  a  bat- 
tery will  give  a  stronger  current  By  simply  turning 
the  firame  in  the  hand,  the  direction  of  the  current  is 
reversed. 

Roget*8  OflOillating  spiral,  fig.  665,  also  illus- 
trates the  law  of  attraction  of  parallel  conductors.  Here 
the  conductor  is  coiled  into  a  spiral,  which  is  suspended 
from  the  top  of  an  upright  metallic  standard  in  con- 
nection with  one  pole  of  a  battery,  while  the  other  end 
dips  into  mercury  in  the  glass,  in  connection  with  the 
other  pole,  K.  When  the  poles  are  joined,  each  turn  of 
the  spiral  attracts  the  next  turn,  shortening  the  spiral, 
and  breaking  the  mercurial  connection,  with  a  spark.  The  weight  of  the  spiral 
then  restores  the  connection,  and  thus  a  continuous  oscillating  movement  is 
kept  up. 

We  add  the  following  general  propositions  on  this  subject. 

1.  Two  currents  following  each  other  in  the  same  direction,  as  alno 
different  parts  of  the  same  current,  repel  each  other. 

2.  Two  fixed  currents  of  equal  intensity,  flowing  near  and  parallel 
to  each  other  in  opposite  directions  (as  when  the  same  wire  returns  on 
itself  without  contact),  exert  no  influence  on  a  fixed  current  running 
near  them:  in  other  words,  they  exactly  nedtralixe  each  other,  and 
their  effect  is  null. 

The  rotation  of  electric  conductors  about  magnets,  and  the  rerefse ; 
the  rotation  of  a  magnet  on  its  own  axis  by  an  electric  current,  and  the 
rotation  of  electrical  conductors  about  each  other,  are  all  points  must 
curious  and  instructive  to  trace,  did  space  permit.  The  student  will 
find  these  principles  very  neatly  illustrated  by  appropriate  apparatus 
in  Davis's  Manual  of  Magnetism.  The  researches  of  Henry,  Page,  and 
other  American  physicists,  have  made  very  important  additions  to  this 
department  of  physics. 

910.  Helix,  solenoid,  or  eleotro-dynamic  npiral. — By  winding 


tlie  coDJunutive  wire  iulo  a  helix,  an  in  fig.  666,  and  carrying  the  wirf 
biick  aguin  throui^h  the  ums  of  thia  tM 

spiral,  C  B,  the  eSects  of  the  current-      — - 

from  A  to  B,  will  be  neutralized  tij    .^^^  A'Xyy?nQfy?f?^?^ 
ito  return  from  B  to  C,  and  there  will 

remain  onlj  the  effect  due  to  ite  spiral  revolution  nboul  C  B.  AmpJlre 
called  this  form  of  the  wire  a  vUemnd.  The  effect  uf  the  helix  thus 
wi)un<],  is  reduced  sulelj  b>  the  influeuue  of  a  series  of  equal  and 
parallel  circular  currents.  B;  winding  the  silk-covered  wire  in  the 
manner  shown  in  fig.  667,  the  two  endi)  of  the  coil  are  returned  to  tlia 
eentro  of  gravity,  and  being  pointed  MT 

with  steel,  the  whole  sjatem  can  be 
cunveniently  suspended,  an  in  Hg.  668, 
upon  what  is  called  an  Ampere's 
frame,  in  which  the  arrows  show  the 
cuurse  of  the  current  from  the  buttery  an 
to  the  helix  or  solenoid  thussuspeaded. 
When  the  current  Ih  established,  the  axis  of  the  solenoid,  A  B,  swings 
intv  ihe  magnetic  meridian,  while  its  several  spires  are  in  the  plane  of 
the  magnetic  equator.   Thia  position  BBS 

it  assumes  in  obedience  to  the  soli- 
citation  of   terrestrial    magnelisi 
eonsequetitly  it  simulntea  in  all 
specta  the  character  of  a  tuagnetiu 
needle,   although   possessing   nc 
particle  of  iron  or  steel  in  its  si 
ture.     If  a  second  helic,  b,  through  ' 
which  also  a  current  paHses,  is 
presented  to  the  tirst,  as  in  fig.  668.  all  the 
and  repulsion  will  be  seen,  the  action  of  the  two  helices  or  solenoii 
being   to  each  other  exactly  like  those  of  two  669 

mngnets. 

De  La  Rive's  floating  current,  already  e 
plained  in  }  909,  is  also  well  adapted  to  illustrate 
the  attractive  and  repulsive  influence  of  n  magnet 
on  a  free  oonjunctive  wire,  as  well  also  as  its  obe- 
dience to  the  Bolicitiitions  of  terrestrial  magnet- 
him.  For  this  purpose  the  conjunctive  wire  is 
wound,  as  in  fig.  669,  into  a  helix.  Left  to  itself, 
this  apparatus  will  act  just  as  the  solenoid  on  the  frame,  fig. 
will  obey  the  impulses  of  a  magoetic  bar,  or  of  another  soleni 
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311.  Dlieotive  aotioD  of  the  eaith. — These  eSeou  nro  ex)  res«ed 

hi  thu  rulU'wing  lavr  :— 

J\!rr»itriitl  maijnrtinn  artt  vjion  rlretrk  earrtnlt  jml  la  if  the  enUn 
glnU  wot  tneirrUd  loitt  deetrie  eumnltfrom  £.  to  W.  in  Iiik*  paraOH 
lo  Ihe  maipielir  rquulor. 

The  direction  in  nhich  these  eumnte  are  auppoaed  to  move  is  Ui« 
name  witli  the  npp&reui  muliria  iif  tbe  eun,  aniJ  the  one  in  irliiL-h  thf 
earth's  surfaee  njceivaa  iie  ailvauuiug  rays ;  and  ainue  it  is  now  known 
that  electric&l  currents  generated  b;  hent  eiert  precisely  tbe  sKine 
inBueuce  ou  tbe  muguetic  needle  aa  Vullaio  currents  do.  Ibererure  it 
liuit  been  inferred  thut  tba  tliermul  nctlun  of  the  sun  is  tbe  genenkliDg 
and  mnintaining  cause  uf  the  currents  of  terrestrial  msgaetism  (SDl). 

91-2.  MaenetiBing  bj  the  helix.— We  have  already  (805)  desoribod 
a  mode  of  pruduciug  magnets  front  an  electrioal  current.  Tbe  eipl»- 
natimi  af  this,  after  all  that  bos  been  said,  is  easy.  As  euib  volute  of 
tbe  helii,  carrying  on  electric  current,  is  itself  an  actiie  magnet,  it  is 
ea>^y  lo  oonuelve  tliat  under  the  united  influence  of  a  great  number  uf 
such  circular  and  parallel  currents,  the  ooeroitiie  force  of  a  steel  bar. 
or  bar  of  soft  Iron,  should  be  decomposed,  and  active  magnetism  be 
thus  induced,  perninncnt  or  transient,  according  na  steel  or  iron  is  the 
euhject  of  experintent.  Even  a  series  of  sparks  from  an  excited  cloo- 
trical  machine,  passed  through  a  bclii,  will  magDetixe  a  ateet  needle. 
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0L3.  Eleotro-magneta. — Electro-magiifitA  ai 
of  soft  iron  wound  with  ooilBof  clojely  pocked  and  ii 
laled  copper  wire,  varying  in  siie  and  length,  iccording 
to  the  use  U<  be  miule  of  tbem.  Fig.  6T5  shows  the  . 
u«uttl  form  of  thoM  designed  to  BUHtain  great  weights.  ' 
Tlie  HpooU.  A  aod  B,  are  Tirtuallycontiouatiuns  nfoue  upool,  llie  direc- 
tion of  the  whorl  being  appareotlj  reversed  bj  the  bend  uf  the  horse- 
shoe.  If  a  lever  of  the  third  order  (113)  is  uaud  as  a  steeljard.  the 
lumbeT  of  heavy  weights  is  avoided  in  the  me  uf  these  ioatratDenls, 
aDd  the  power  of  the  apparatus  is  easily  tested. 

Eleclro-magnets  develop  their  aurprising  power  only  when  the  arma- 
tare  is  in  contact  with  the  poles,  a  fact  due  to  ioduction ;  without  their 
armatures,  thej  sustain  not  a  tenth  part  of  their  maximum  load.  They 
are  capable  of  over-saturation  by  an  eicesa  of  battery  power,  and  after 
that  ha«  bean  cut  off,  they  retain  a  remarkable  residual  force  so  long 
fts  the  keeper  is  in  place,  but  as  soon  at-  the  armature  is  detached,  the 
whole  of  this  residual  magnetism  is  lost.  Their  piihirity  is  instanta- 
neously reversed  by  reversing  the  poles  of  ilie  buttery.  Tliis  complete 
and  immediate  paralysis  aud  reveri^al  of  power,  renders  these  magnela 
of  inestimable  ralue  id  eiperimentat  researches. 
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810  PUYMICM  "F   IMPIJNUI 

Itoti  clMtrD-mHTO*''-  ft<>l-  Hanrj,  and  Dr.  Tan  Itjak,  in  1B30,  produeeil  tl 
Brit  olHUa-mignati  of  greiit  poHor,  bj  ■  DDw  muda  of  winding  Ifae  Indoeii 
soil.     (Aid.  Jonr.  Sal.  [I]  XIX.  400.) 

Prof.  Rmij,  on  ft  loft  iron  bu  of  flftj-nin«  Ibi.  votght,  u»«l  (wantj-rii  ooi 
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Mr.  J.  P.  Juule  (Annals  of 
Elwlririty.  V.  18T).  in  1840, 
constructed  Boft  iron  electrn- 
mognetx  of  peculiiir  form,  be- 
ing in  fact  tabea  witli  Tcry 
*hick  walli  put  away  on  one 
adc  lengthwise,  and  wound  in 
Iha  direoti'in  of  the  length ;  . 
me  of  which,  weighing  IS  lbs.,  j 
bold  20S0  lbs.,  equal  to  nenrl;  1 
140  times  its  own  weight  It 
was  wound  with  4  covered  cop- 
per wires,  fy  inch  diameter,  and  each  23  feet  long  onlj,  the  lengtli  of  ihe 
soft  iron  being  8  inches,  and  its  outer  diameter  three  inches.  Another 
magnet  weighing  1057  grains  supported  twelve  pounds,  or  1286  u'mci 
itaowQ  weight;  find  a  verj  minute  one.  which  ireighed  unl;  G3'3  gminK. 

^  ]  on  one  oocanion  1417  graini..  or  2834  times  its  own  weight.   T1i« 

more  than  eleven  times  the  proportionate  load  uf  the  celebrated 

k  VagiiGt  of  Sir  Isaac  Newton,  |  806. 

914.  Page'*  roTolTlng  electro- maKnet,  llg.  STB,  affntdi  aatbbMnr 
■tldennt  uf  Ibe  groal  rapidiij  with  which  a  man  'it  saSt  iron  naj  racairc  and 
part  with  magneliim,  baring  <U  polaril^  rcvened  a]i>o  hy  a  changa  ot  poeiliCB 
In  tfaii  inglrument.  ■  |iortnuiuot  U-magne(  baa  a  TiTtical  i|ilndle  in  11a  aiii.  bb 
■randof  w[ .... 
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915.  Foirer  of  electio-magueU. — Tli 

(wwer  of  eleulro-iiingnolinlppeiidfl,  liit,  on  tli 
tntenaity  of  the  current;  2il,  cm  the  iiumbu 
of  whorls  in  the  helix  ;  3<l,  un  the  kind  nni 
■hape  uf  the  iron  hnr;  4th,  no  the  furni  and  aixe  of  the  keeper 
ture.  These  pninCs  hnve  beeu  studied  h;  Lcni  and  Jncobi,  and  maoj 
Dthera,  of  whom  the  resultH  of  Uub  are  tha  nost  recont.  Qub  diHtin- 
guiahes  between  magnetism,  attractiuD,  and  suHtaining  power,  id  electro- 
magnets. conRuiog  the  term  niagnelixm  to  the  mngnotic  excitation  due 
to  the  Votlaic  current.  Leni  and  Jauobi  measured  this  by  meann  of  the 
induoed  current  eicit«d  by  the  vanishing  of  the  magnetism  tu  which  it 
u  proportional,  When  a  second  bar  of  soft  iron  is  CHUsed  to  approach 
Ibe  first,  this  also  becomen  magnetic  (b;  induction),  Hud  bj  n-fuld  mag- 
netiim,  n*  times  the  altraclion  is  produced ;  until  actual  contBt^t  bup- 
pent,  when  this  ratio  is  no  longer  maintained. 

Dub  gives  the  followitig  sumniitrj  of  his  results: — 

1.  The  attractioD  of  D-shaped  electro-magnets,  with  an  e<iual  namber 
of  windings,  is  propirtional  to  the  squares  of  the  magnetiKing  current 

2.  The  attraction  of  U  magnets  is,  with  equal  currents,  proportional 
to  the  square  of  the  numlHir  of  windings  of  the  magnetising  spirals, 

3.  The  attraction  of  U  magnets  is  proportional  to  the  square  of  the 
ourrent  force  multiplied  I17  the  square  of  the  number  of  wiiiJings. 
[This  IB  true  alike  fur  attraotion  and  sustaining  force,  botli  in  4rtigh( 
«nd.in  V  magnetJ<.] 

4.  The  magnetism  of  massiTe  cjlinders  of  iron  of  equh  length, 
maKnetized  by  Voltaic  currents  of  equal  force,  and  bj  spir  -Is  of  au 
•qnal  number  of  windings,  cloxely  surrounding  Ibe  core,  is  accurately 
proportional  I*  the  squiire  route  uf  ihe  diauieiers  of  these  cylinders. 

5.  F(,r  the  particular  case  in  which  the  surface  of  cuntaH  doea  not 
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disturb  the  result,  the  attraction  and  sustaining  foroe  are,  with  equal 
magnetizing  forces,  proportional  to  the  diameters  of  the  bar  or  U- 
magnets. 

6.  The  attraction  of  bar  and  U-shaped  electro-magnete  with  equal 
magnetizing  forces,  increases  the  nearer  the  whole  of  the  windings  are 
to  the  poles. 

7.  The  attraction,  like  the  sustaining  force  of  U  electro-magnets — 
other  things  being  equal — remains  the  same,  whatever  be  the  distance 
of  the  branches  of  the  magnet. 

8.  The  length  of  the  branches  of  a  U-shaped  electro-magnet  has  do 
influence  on  its  attractive  or  sustaining  force,  if  the  windings  of  the 
spiral  surround  its  whole  length. 

In  addition  to  these  laws,  the  author  has  found  that  the  attraction 
which  a  helix  or  spiral  exerts  upon  a  soft  iron  bar  placed  in  its  axis, 
follows  the  same  law  as  an  electro-magnet;  hence  it  follows,  that: — 

9.  The  attraction  of  a  spiral  is  proportional  to  the  square  of  the  mag- 
netizing current,  multiplied  by  the  square  of  the  number  of  windings.* 

The  sustaining  power  of  an  electro-magnet  increases  with  the  mass 
of  the  armature  up  to  a  certain  point,  not  exceeding  the  mass  of  the 
electro-magnet  itself;  and,  moreover,  Liais  has  shown  that  an  arma 
ture  whose  face  of  contact  is  not  over  one-third  the  breadth  of  the 
poles  to  which  it  is  applied,  gives  a  maximum  effect 

For  some  curious  results  with  circular  and  trifuroate  electro-magnets, 
and  the  applications  of  this  force  to  *'  break  up"  railway  trains,  con- 
sult the  papers  of  Prof.  Nickl^s  (Am.  Jour.  Sci.  [2],  XV.,  104  and  380; 
and  XVI.,  110  and  337). 

91 G.  Vibrations  and  musical  tones  from  induced  magnetiam. — 

Dr.  Pago,  in  1837,  nuticed  the  production  of  a  musie^  sonod  from  a  magnet, 
between  the  poles  of  which  a  flat  spiral  was  placed.  The  sound  was  heard 
whenever  contact  was  made  or  broken  between  the  coil  and  the  battery.  Two 
notes  were  distinguished,  one  the  proper  musical  tone  of  the  magnet,  and  the 
other  an  octave  higher.  De  la  Rive,  Delesenne,  and  others,  have  confirmed 
and  extended  these  curious  observations.  The  existence  of  molecalar  distarb- 
ance  in  receiving  and  parting  with  magnetic  induction,  has  been  farther  illns* 
trated  by  the  same  ingenious  observer,  by  the  vibrations  imparted  to  Trevellyaa's 
bars  by  the  current  from  two  or  three  cells  of  Grove's  battery.  (Am.  Joar.  ScL 
[2],  IX.,  105.)  Trcvellyan's  bars  are  prismatic  bars  of  brass,  hollow  on  one 
side,  so  as  to  rest  by  sharp  edges  on  blocks  of  lead.  When  these  are  gently 
warmed,  and  then  laid  upon  the  leaden  blocks,  the  unequal  expansion  and  eon- 
traction  of  the  two  metals  gives  the  brass  bars  a  slight  motion  of  vibration, 
due  to  molecular  disturbance  by  beat  A  Voltaic  current,  according  to  Dr. 
Page's  observation,  produces  the  same  efiect  as  heat,  bnt  more  remarkably. 

917.  Electro-magnetic  motions  and  mechanical  power. — ^The 


•  Am.  Jour.  Sci.  [2],  XVII.,  424. 
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fftcilitj  with  which  DiasHeB  of  sotl  iroo  moj  bo  endued  w 
ma);tietiu  power  b;  curreotE  nf  Voltaic  electricity,  and  agHin  discharged, 
or  reveraed,  in  pulantj.  bus  led  to  numberleaa  contrivances  to  use  tliii 
power  B8  a  luecbanicnl  i^ent.  A  great  rariely  orpleiising  and  iiislruo- 
tive  modets  of  such  machines,  with  tbe  use  both  of  permaneot  magneta 
and  rif  electro-mngiietio  nrmatureH,  or  of  eleclro-mngnela  only,  are 
described  in  Davis's  Manual  of  Mnguetism.  Tbe  revulving  armature, 
dp.  676,  U  one  of  these. 

We  annex  a  figure  of  fln  electro-magnetjo  engine,  similar  to  one  bj 

which  Dr.  Page  obtained  a  useful  effect  of  ten  horse-power,  in  driving 

machinery,  and  transjiorting  a  railway  train.     A  and  B,  fig.  677.  artt 
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two  very  powi 

two  heavy  i^ylinders  „{  sufl  iruii,  C  1).  .■oiiiiler-biihiiiced  on  the  ends  of 
a  beam.  G  F  I.  like  the  norltlng  beam  of  a  steam-engine.  By  the  move- 
ment of  an  eccentric,  L,  un  the  main  shaft  of  the  fly-wheel,  tbe  poles 
are  changed,  at  the  moment,  to  magnetite  and  de-magnetiie,  alter- 
nately, the  two  helices,  drawing  into  them  the  two  loft  iron  eytinders, 
by  a  force  uf  mnny  hundred  pounds.  Prof.  W.  R.  Johnson  tested  tbe 
foroa  of  an  engine  of  this  kind  built  by  Dr,  Page,  in  1850,  and  found 
it  to  give  about  six  and  a  half  horse-power.  (Am,  Jour.  Sci.  [2],  X., 
472.) 
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8  designed  by   Ruliinkorff.  in   illuatraLiun  of  Furodaf's  magnetid 
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roMtorj  polnriiution  of  light  already  spoken  of  under  OptU's  (560), 
Two  powerful  inducing  coili,  N  and  M,  surround  two  huUow  ojlindors 
:>{  Buft  iron,  S  and  Q.  The  current  enters  the  bobbins  b;  A,  and  fol- 
lowing the  direction  of  the  nrrovts,  returns  bj  B.  The  two  cuila  slide 
in  the  groove  ia  tbe  base,  K,  od  the  two  euppurts,  00,  »a  that  ihej 
maj  be  approached  or  withdrawn  rtt  pleasure  bj  turning  the  screws, 
n  ni.  A  Gotnmulalijr.  or  interrupter  of  the  current,  is  arranged  ut  II  n. 
Al  a  and  b  are  two  Niuot'a  priems  (553),  uf  which  a  has  a  vernier  or 
index,  reading  the  degrees  un  the  graduated  circle,  P.  To  Biake  the 
experiment,  a  piece  of  heavy  glBse,  or  silicious-borate  of  lead,  c,  is 
placed  on  a  support  between  the  poles  S  and  Q.  A  raj  of  light  from 
tbe  candle,  polariied  b;  the  prism,  6,  ia  transmitted  through  the  glass 
in  tbe  kxIb  of  the  poleo.  When  the  current  Is  applied,  the  ra;  of  light 
appears  to  be  revolved,  similarly  to  the  effect  produced  on  polariied  tight 
by  quarts,  or  oil  of  turpentine  [556).  A  great  number  of  other  solids  and 
liquidx  are  found  to  act  in  a  like  manner,  but  to  a  less  degree,  than  in 
the  case.of  "  heavy  glass."  As  no  rotation  of  the  ray  takes  place  unleES 
Ihere  is  toint  mtdium  on  which  the  magnetism  may  act,  it  has  been 
u-gued  with  some  force  by  Becquere)  and  others,  that  the  action  is 
vbolly  due  to  a  molecular  change  in  the  solid  under  experiment.  A 
reversal,  however,  of  the  direction  in  which  the  ray  travels,  reverses 
the  direction  of  rotation  in  the  polarized  ray.  a  circumstance  not  found 
in  bodies  in  the  natural  slute.  This  apparatus  also  scn'es  to  illustrate 
the  phenomena  of  diamagnetism. 

920.  Dlamagnetiam. — We  have  already  (799)  alluded  to  the  actjon 
of  magnetism  upon  all  bodies,  dlKcovered  by  Dr.  Pamdny,  in  16-16,  ■ 
discovery  which  alone  would  place  its  author  in  the  highest  rank  of 
modern  philosophers.  By  the  use  of  the  apparatus,  fig.  680.  he  proved 
that  every  substance  which   lie   tried,  solid,  B80 

fluid,  or  gaseous,  was  sub- 
ject to  magnetic  in Quenue, 
atisuming  either  the  equa- 
loricU  or  axial  position, 
according  to  its  nature. 

For  salidi,  and  gnaia  fln- 

riDgemnt.  Twg  bliinllj 
roundsd  polar  pieues  of  nuft 
Iran  an  lltdid  \aU>  the  opva- 
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>ewd.  b«tb  bj   Lbe  nalun  i 

the   imrnow  or  Ibn   pulu.     Tbs   IlitDe 

■  moal  curiuotlji  ftflpctBd,  being  Ibru 
tnlu  Ihaform  of  •  p&nbola,  ahoia  two  ormaatrBlch  upvi 
a  great  diiuufla,  uid   an  nuih  eruwned  b;  ■  tpinl  of   J 
■moka.     OifgeD,  wbicb,  in  lbe  kir,  i«  pawerhilljr  magne  ' 
(TUB),  buHtmea,  wbon  baated,  diamagnetic.    A  coil  of  pla- 

pland  boneBIb  ths  pu!c>  of  Faradaj'i  appantua,  oecaaiuoa  i  pnvirful  np- 
ward  curreut  of  air,  but.  wban  magnetiim  ia  iudDcod,  lbe  ueeodinE  aurraal 
diTidas,  and  a  deaaaDding  camnl  flova  down  belwuen  the  opwanl  (untDla. 
The  following  Ibl  expreiiea  tba  ordet  of  lotoe  of  tbe  moil  uammua  paramaj- 
c  aabataDCei,  ili. :  imo,  nickel,  robalt,  naDgaiiBse,  palladiuin,  eruwn-gUu. 
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Tbe. 
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I,  mersut?,  fliut-glus. 


Mitral;  . 


alaohnl.  Raid, 


0,  '•  hB»v)r  glM»,"  antimooy.  pboa. 
:ker  baa  fartbsr  damoDxtniled  tba  intportanl  ficE,  tlinl  tba  oplie  aiii  of 
d  ipar  la  repelled  by  Ibo  magnal — a  Gut  probably  troe  of  many  eryilai*— 
IB  of  whicb  Ihe  Diagnetie  axil  ia  parallel  In  tbe  longer  aria  of  cryitaJUia- 
Tbaa,  a  pieoe  of  kyanit*  witl,  ODdei  the  ioflueuee  even  uf  the  earth'i 
tiaiD,  arrange  Itielf  like  a  magnetic  necdls. 

III.    Rl.ErTHIc:  TBI.10kAFB. 

,  HiBtoiical. — The  thuiiglil  of  innking  teli-graphio 
tions  bj  eleotcicilj  uppeuirH  lii  liave  8U)[gesteJ  itselF  its  •oon  a 

that  (in  eleotriual  current  pnsiied  over  a  conduotiog  wire  with- 

sible  1<)»B  of  time.    The  fulloiring  brief  iummarj  of  wellknoira 

I  Uslorical  faots,  will  aarve  at  once  to  show  how  impuasible  it  is  juillj  lo 

w  the  exclusive  merit  of  the  electric  telegraph  upon  so  j  inrentor, 

while  at  the  name  time  it  titrikinglj  iUuBtrute*  what  is  true  uf  evtrj 

I   {mportant  ioTention.  that  final  succwg   rescues  from   oblivion   tavij 

■ohemcB  that  hud  hnrdly  vitality  enough  in  their  daj  U  liud  a  plao 

in  the  reuurde  uf  hiaturj. 

In  IT4T,  Dr.  J.  Watsqx  tnetei  a  ulegraph  from  tba  roomi  of  tba  Royal 
Soeioly,  in  London,  for  two  nilei  or  more,  over  lbe  cfaiuDoy  topi,  luing  IWe- 
ttonal  elootficity  on  a  lingle  wire,  wilb  tbo  eartb  for  a  retam  eirflnii.  In  ITtl^ 
Dr.  FniHBLis  set  Bre  lo  apirila  »f  wine  by  a  carranl  of  elsotridty  mhi  a 
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th«  Sehaylkill  on  a  wire,  and  retoraing  bj  the  river  and  the  earth.     In  1774, 
Lb  Saoc,  a  Frenchman,  established  at  Geneva  an  electric  telegraph,  in  which 
he  used  twenty-fonr  wires  insulated  in  glass  tubes  buried  in  the  earth,  each 
wire  communicating  with  an  electroscope,  and  corresponding  to  a  letter  of  the 
alphabet,  and  excited  bj  an  electrical  machine.    (Moonio  Traiii,  59.)    In  1787, 
BcTAHCOURT,  In  Spain,  made  an  effort  to  employ  electricity  for  telegraphing  by 
passing  signals  from  a  Leyden  vial  over  wires  connecting  Madrid  with  Aran- 
jaes,  a  distance  of  twenty-six  miles     Salva,  in  1796,  also  presented  to  the 
Academy  of  Madrid,  a  plan  of  an  electric  telegraph  of  his  own  invention,  which 
received  the  patronage  of  the  Prince  of  Peace.     In  1800,  the  public  announce- 
ment of  Volta's  discovery  of  the  pile  supplied  a  new  means  for  telegraphing, 
fiur  more  certain  than  frietional  electricity,  and  accordingly  we  find,  that  in 
1811,  Prof.  SoBMMCRiifo.  of  Munich,  proposed  to  the  Academy  in  that  city  a 
eomplete  plan,,  with  details,  fur  an  elect ro-ckemieal  telegraph,  in  which  he  used 
thirty -five  wires  (twenty-five  for  the  German  alphabet,  and  ten  for  the  numerals), 
tipped  with  gold  and  covered  by  the  same  number  of  glass  tubes  filled  with  water, 
|o  be  decomposed  whenever  the  corresponding  letter  or  numeral  was  touched  by 
the  battery  wire  on  a  key-board  at  the. other  end.   This  is  the  type  of  all  electro- 
ehemical  telegraphs.    Dr.  J.  Rbdman  Coxe,  of  Philadelphia,  in  1816,  in  Thomp- 
son's Annals  of  Philosophy,  apparently  without  knowledge  of  Soemmering's  plan, 
proposes  a  similar  one  by  the  use  of  Voltaic  electricity.     In  1819-20,  (Erstrd'b 
diseovery  of  electro-magnetism,  and  Amperb'b  development  of  the  subject,  opened 
the  way  to  electro-magnetic  telegraphy.  (Ersted  first,  and  then  Ampdre,  proposed 
the  plan  of  a  telegraph,  using  the  deflections  of  a  magnetic  needle  for  signals ;  the 
type  of  Wheatstone's  needle  telegraph  ;  but  their  suggestions  were  never  put  in 
practice.     In  1823,  Dr.  F.  Ronalds,  of  England,  published  a  volume  detailing 
the  plan  upon  which  he  had  previously  constructed  eight  miles  of  electric  tele- 
graph, and  in  which  he  used  a  movable  disc,  carrying  the  letters,  the  type  of  all 
dial  telegraphs.  In  1826,  William  Sturobon,  of  Woolwich,  England,  made  the 
first  eleetro-magnet  of  soft  iron,  without  which,  further  progress  in  the  electro- 
BMgnetic  telegraph  was  impossible.     Prof.  Joseph  Hbnrt,  in  1830,  described  a 
mode  of  giving  greater  power  to  electro-magnets,  and  the  same  philosopher,  in 
1831,  devised  the  first  reeiprocating  eleetro-magnet  and  vibrating  armature, 
including  also  (he  prineiple  of  the  relay  magnet,  so  indispensable  an  auxiliary  in 
the  Morse  system.    (Am.  Jonr.  ScL  [1]  XX.  840.)    In  1834,  Messrs.  Wbbber 
and  Oausb  established  an  electro-magnetio  telegraph  at  Odttingen,  between  the 
Observatory  and  the  Physieal  Cabinet  of  the  University,  and  used  it  for  all  *^  . 
purposes  of  scientific  eommnnioation. 

In  1836,  Prot  J.  F.  Danikll  invented  the  oonstant  battery  (874),  without 
whicn  any  mode  of  electric  telegraph  would  have  been  futile. 

In  1837 — a  year  ever  memorable  in  telegraphic  history  for  the  first  general  and 
raeoeasfnl  introduction  of  the  electro-magnetic  telegraph — and  almost  at  the  same 
time  appeared  Morsb,  in  the  U.  S.  ,*  Stbinheil,  at  Munich ;  and  Wheatstoiib 
and  Cooke,  in  England ;  as  distinct  and  independent  claimants  for  the  honor  of 
this  discovery.  Prof.  .7.  D.  Forbes,  the  able  historian  of  the  Physical  Sciences, 
In  the  eighth  edition  of  the  Encyclopedia  Brit.  America,  speaking  of  these 
inventions,  says:  "the  telegra)h  of  the  two  last  (Steinheil  and  Wheatstone) 
resembles  in  principle  (Ersted's  and  Qanss's :  that  of  the  first  (Morse)  is  entirely 
original,  and  consists  in  making  a  ribbon  of  paper  move  by  clock-work,  whilst 
interrupted  marks  are  impressed  upon  it  by  a  pen,"  Ac.  *  *  <<  The  telegraphs 
of  Mono  have  the  inestimable  advantage,  l^at  they  preserve  a  permanent  record 
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af  tba  d«pUi>hu  vblch  tbaj  «• 
tbcj  ilHtn  vitb  BKin'l  e1«ilril.a 

922.  The  «aith  olrcult.— Although  Dm.  VVnunn  and  Fraiiklls 
(1747-8)  u«ed  ihe  Harth  an  the  return  ciroiiU  in  Iheir  telegraphic  expert* 
luenM,  it  «aa  dinnidered  easentiitl  io  tlie  uso  of  ValLaic  electricUj  M  e» 
pluj  at  leB«t  twu  wires,  until  Sleioiieil.  in  1837.  in  the  coDstruction  a(  hta 
telegraph  at  Muoiuh,  dispenseil  with  the  whole  resisuurce  of  the 
wire  b;  burning  it  [Mf^e  plate  of  cupper  at  eftah  «tfttion.  with  which  tbs 
circuit  wire  oommunicated.  This  uertainij  must  be  aateemed  one  of  tliB 
most  i]n|>ortaDl  discoveries  in  connection  wiih  the  telegraph ;  but  froo 
•iinie  vauie  or  other  it  obtained  for  mme  j^enra  but  little  piibitcit}', 
altliuugh  deBOtibcd  at  length  in  the  Oomptet-Rtndiit,  of  S«pL  10,  1S34I 
Bain  re-disooTered  the  same  fact  some  jeara  later,  and  Hatteocci,  of 
Pisa,  in  1843,  made  Bi;>eriments  whiuh  oonvinoed  the  nuel  tncraduloni 
of  the  truth  of  this  important  fnct. 
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of  eoluitractiiig  lines,  bm  it  more  then  doubles  their  power  of  eleotrical  trans- 
miuioD.     For  the  rapidity  of  the  earrenty  refer  to  ^  818. 

923.  Varieties  of  eleotro-telegraphic  oommanioation. — There 
are  esseDtiallj  but  two  modea  of  electro-telegraphic  communication, 
Tis. :  the  eUcfro-mechanieal  and  the  eUciro-chemical.  Various  and  seem- 
ingly unlike  as  are  the  namerous  ingenious  oontrivances  for  this  purpose, 
they  all  fall  under  one  of  these  two  diTisions. 

The  elaotro-meoliaiiicMd  form  of  telegraphic  apparatus,  embraces 
the  needU  telegraph,  the  dial  telegraphs,  aud'tbe  electro-magnetic,  or 
recording  telegraphs :  both  those  which,  like  Morse's,  use  a  cipher,  and 
those,  like  House's,  which  print  in  legible  characters. 

The  aleotro-chemioal  telegraphs  (having  their  type  in  Soemmer- 
iDg't  original  contrivance)  depend  on  the  production  of  a  visible  and 
permanent  effect,  as  the  result  of  some  chemical  decomposition  at  the 
remote  atatioo ;  of  these,  Bain's  is  the  best  known. 

This  is  not  the  place,  had  we  time,  to  give  all  the  details  of  the  well- 
known  machines  in  use  for  telegraphic  purposes.  A  few  words,  stating 
the  principles  on  which  they  all  depend,  with  a  notice  of  two  or  three 
of  those  most  used  in  the  United  States,  must  suffice. 

As  the  needle  telegraph  of  Messrs.  Wheatstone  and  Cooke  (depend- 
ing on  the  deflection  of  a  needle  by  a  galvanometer  coil)  has  never  been 
used  in  this  country,  and  cannot  compete  with  either  of  the  systems 
adopted  here,  it  is  needless  to  describe  it.  It  requires  one  operator  to 
read  the  movements  of  the  needle,  and  another  to  record  the  message, 
and  its  average  capacity  is  not  over  ten  or  twelve  words  per  minute. 
The  dial  telegraph  of  Froment,  and  others,  is  open  to  the  same  objec- 
tions. 

924.  Morse's  recording  telegraph. — Every  electro-telegraphic  ap- 
paratus implies  the  use  of  at  least  two  instruments,  one  for  recording, 
and  one  for  transmitting  the  message.  Besides  these,  in  most  cases 
there  is  need  of  a  relay  magnet^  which  receives  the  circuit  current  and 
acts  to  bring  into  use  the  power  of  a  local  battery,  by  which  the  work 
of  recording  is  performed.  This  is  requisite  because  the  circuit  current 
is  usually  too  feeble  to  do  more  than  establish  a  communication  with 
the  local  battery.  Every  recording  instrument  has  a  clock-work,  or 
some  similar  mechanical  movement,  to  carry  forward  the  paper  fillet  on 
which  the  record  is  impressed,  at  a  regular  rate  of  motion.  Fig.  G84 
shows  the  Morse  recording  instrument. 

It  consists,  esseDtially,  of  a  simple  lever.  A,  with  a  soft  iron  armature,  D, 
over  the  electro-ma^ets,  E  F,  by  which  the  electrical  impulses  are  propagated 
to  the  pen  or  stylus,  o.  A  weight,  P,  gives  motion  to  a  train  of  wheels,  E  C,  by 
which  tho  fillet  of  paper,  pp,  s  carried  over  the  rollers,  Q  H,  in  the  direction  of 
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ImveotiTe  genitu.     A  drawing  of  its  vliief  parts,  i 
■knog  omitted,  is  seen  in  fig.  GS6. 
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jrmile*. 

I.  Th«  aleotro-oliainical  t«Iegiaph  depends  on  tlie  deoompou 

».  liT  llie  electrical  current,  »f  a  unit  >•{  inin  wiili  which  llie  papei 

!t  is  sutnrnted,  and  the  prwluction  nf  a  blue  or  red  »tnlD  upon  it. 

e  cluuk-iTork   movement  Ufcd  hj  MurRC,  curries  forward  the 

*■  i>ver  a  metallic  cjlindcr,  which  h  one  |h3Iu  ijf  the  circuit,  whil* 


62*J  PHYSICS   OF   IMPONDERABLE   AGENTS. 

a  Steel  pen  (if  a  blue  mark  is  intended,  or  copper,  if  red  is  inlended), 
in  connection  with  the  other  pole,  bears  steadily  upon  the  paper ;  the 
least  transit  of  electric  force  decomposes  the  prussiate  of  potaaea  with 
which  the  paper  is  charged,  producing  a  stain.  To  insure  the  damp- 
ness in  the  fillet  requisite  for  electrical  conduction,  Maison-Neave  has 
proposed  to  charge  it  with  a  solation  of  nitrate  of  ammonia,  a  salt 
whose  attraction  for  moisture  is  sach  that  the  paper  remains  always 
damp.  To  avoid  errors,  as  well  as  to  insure  greater  rapidity.  Bain, 
who  was  the  author  of  this  system,  proposed  to  prepare  the  messages, 
on  fillets  of  paper,  punched  with  holes  by  a  machine  called  a  cfMrnpotUor 
or  multiplier,  Humaston  has  lately  so  improved  the  meehaniam  of  this 
compositor,  that  it  is  possible,  by  combining  this  apparatus  with  the 
Bain  system  of  reading,  to  transmit  not  less  than  three  thousand  signals 
per  minute,  equal  to  six  hundred  letters,  or  one  hundred  and  twenty- 
five  words  of  five  letters  each.  The  punched  fillets  take  the  place  of 
the  finger-key  as  a  circuit  breaker  for  the  transmission  of  the  message. 

Autograph  telegraphic  messagea  can  be  transmitted  by  the  elec- 
tro-chemical method,  by  writing  upon  the  transmitting  cylinder,  with 
solution  of  hardened  wax,  and  then  causing  a  tracing  point  to  traverse 
the  cylinder  with  a  close  spiral  from  end  to  end.  The  result  is,  the 
interruption  of  the  current  where  the  wax  is,  and  a  corresponding 
blank  space  left  on  the  paper  at  the  receivincr  station.  The  union  of 
these  white  spaces  gives  what  was  written  in  wax,  as  a  white  character 
on  a  dark  ground. 

927.  Submarine  telegraphs — the  Atlantic  cable. — The  first  sub- 
marine telegraphic  cable  was  successfully  sunk  in  August,  1851,  con- 
necting Dover,  in  England,  with  France,  at  Cape  Grii  Nez.  Since  tliat 
time,  numerous  other  submarine  cables  have  been  laid,  of  which  that 
through  the  Black  Sea  was  the  longest,  until  the  placing  of  the  Atlantic 
cable  was  accomplished,  on  the  5th  of  August,  1858.  The  failure  of 
this  great  enterprise  is  now  believed  to  be  attributable  to  injuries  received 
by  the  cable  before  sul)mergence.  Ite  failure  was  gradual, — over  400 
messages  being  transmitted  before  it  became  totally  inactive. 

Fig.  687  shows  the  8i«o  and  mode  (»f  construction  of  thia  cable.  Th«  eon- 
ducting  wire  is  fc»rmed  of  seven  strands  of  No.  087 

32  copper,  twisted  into  a  cord,  and  hufied  in 
rt'fined  gutta  pcrchft,  laid  on  by  machinery  in 
three  coatinjr«,  over  wliieh  are  plncod  several 
strands  of  tarred  cord.  The  whole  is  encased 
in  seventeen  strands  of  iron  wire,  each  strand 
formed  of  seven  No.  30  iron  wires.     It  weighs 

about  two  thousand  lbs.  to  the  nautical  mile,  and  about  two  thousand  miles  of 
it  lie  submerged  between  Valentia  Bay,  Ireland,  and  Trinity  Bay,  Newfound- 
land. The  shore  end  is  formed  of  ten  miles  of  much  stronger  cable,  enclosing! 
however,  the  same  conductor. 
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02ij.  ZSleotilcBl  oloclu  and  aaUononUcal  recotda. — If  a  cloak 
pendulum  ia,  bj  any  mechanical  device,  made  to  open  aod  close  the 
viruu'it  in  a  Iclegrajihic  arrangemeut,  it  is  ubviuuB,  that  if  the  clock 
beats  eecunds,  (hexe  will  appear  recorded  a«  duts  at  equal  intervala 
upon  the  paper  fillet.  An  astroDonier,  watching  the  transit  of  a  slitr 
ncri)M  ths  wirex  of  bia  tclegcopo,  with  liia  hand  upon  ibe  Goger-kej  of 
iLe  Hame  circuit,  eloses  it  at  the  ciact  inslBnt  of  time,  and  the  record 
.if  Ihe  passage  of  the  star  is  fixed  with  unerring  certainty  between  the 
betkta  uf  the  cluck  and  upon  the  snine  fillet  which  bears  record  uf  the 
Ume  in  seconds  and  their  eubdlTisiuns.  This  beautiful  sjslem  is  wholly 
and  peculiarly  American,  as  the  clear  records  of  science  abow,  and 
offers  idcoinpuriibly  the  best  possible  mode  of  deterininiiig  loagiluiie 
differeuces.  The  Dames  of  Bache,  Bund,  Gould,  Locke,  Mitcbel,  Sax- 
ton,  Walker,  Wilkes,  and  uthera,  are  inseparably  connected  with  the 
history  of  this  impurtaut  application  of  the  telegraph,  for  the  detiiUs 
of  which  the  student  is  referred  to  the  American  Journal  of  Science, 
the  proceeiiingH  of  the  Amerlcau  Association  for  ths  adranceinent  uf 
Science,  and  the  reports  of  the  United  States  Coast  Survey. 

Bun,  It  ii  belioTcd,  auaglmctiid  tba  £rit  e1entri»1  clork  (in  1942),  which  ou 
moled  b}  >  aurreot  from  a  largo  cupper  ud  tine  plate  buried  ia  U»  earth,  tir, 
baiter,  to  ■  lioo  plala  burigd  in  chatcaal.     Bj  an;  aimple  mccbanical  atrauga- 
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9'29.  CottentB  induced  from   other  coireats. — Tolta-elecUlo 
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PHYSICS   nF  IMPONDEBABLE  AQENTS. 


Indaotiou. — The  phenomeDa  of  electro- mdgnetiam  aeem  to  poini,  u 

u>  Almost  necesnarj  oDsequpnce.  Ui  the  discoTer;  mode  hjr  Faruiny.  ia 
1831-2,  of  t'dduceff  eurreHia,  a*  well  aa  of  magnelo^latTkily.  FanJaj 
fLTKoed  Uiuh: — 

1st.  That  a*  a  vire  carrying  a  currml  actt  like  a  magnet,  therefore  it 
eughl,  bg  iaduetton.  to  etriu  a  ctirrenl  ■'»  anothtr  mr*  near  U, 

'M.  Tlial,  ai  magndism  »  induced  bg  elretric  currrnlt.  to  magneti 
iu-/hl  aUo,  tiiuUr  proper  condition*,  to  excite  electric  eurrenla. 

The  first  of  these  Muu  Furadej  austdiDed  thus:  Let  a  double  holix. 
or  bobbiu,  be  wiutid  of  two  parallel  >i1kiMiTered  wires,  about  a  cjVio- 
der  uf  wood  [whiuh  bein^  withdrawn  afterwards,  leaves  the  helix  hol- 
low), in  done  ouolaut,  but  perfectly  insulated,  so  that  the  two  wire* 
run  side  b;  side  through  their  whole  uuurse.  Let  the  ends;  n  b,  fig.  688, 
of  one  wire  be  connected  witii  a  ggs 

galvanometer,  or  nagnetiiiDg  spi- 
ral, while  a  batter;  current  enteri 
the  other  wire  b;  c,  and  passes 
nut  bj  d.  When  contact  is  m 
between  c  and  the  batter;,  tha  i 
galvanometer  needle  is  deflected  ! 
by  a  current  inariug  in  the  k 
direction  with  the  battery  or  j 
mary  ourront.  This  deflection,  however,  is  only  fir  a  brief  instant. 
After  a  few  vibrations,  the  needle  comes  to  reel,  although  the  battery 
curreut  still  fiows.  Break  now  the  contact  between  the  wire,  c,  and 
the  battery,  and  the  galvanometer  needle  is  again  deflected  by  a  wcond- 
nry  or  induced  current;  but  this  time  it  moves  in  the  opporile  direction 
to  the  SrsL  These  tire  called  xecondary  or  induced  ourreuts.  Thej  are 
iHomentary,  but  are  renewed  with  every  interruption  of  the  battery 
circuit,  and  their  strength  is  always  proportional  to  the  slrcngih  of  the 
primary  or  inducing  current.  If  a  mass  of  eoft  iron  (ur,  better,  a 
bundle  of  sod  iron  wires)  is  placed  in  the  core  of  the  helix,  the  force 
uf  the  induced  currents  is  greatly  increased.  This  action  of  a  curr«iit 
from  a  Vi>ltaic  battery,  Faradn;  called  Volla-etectrie  induction. 

The  phenomena  of  influence  (828)  in  electricity  present  a  Blmng 
analogy  to  these  facta,  and  support  the  probability  thai  Uie  mcundary 
currents  in  the  case  uf  Yoliaic  induction,  are  also  due  to  decomposi- 
ti'in  of  the  natural  electricity  of  the  eecond  wire,  by  the  current  mi 
the  tirst.  Ill  fait,  a  current  of  station!  electricity  may  be  substituted 
for  the  Volintc  current  with  elmilar  results,  ns  was  shown  by  Itenry, 
in  183R  (Trans.  Am.  Phil.  ^  c,  vuL  6,  K.  S.,  and  Am.  Jour.  Soi.  [1], 
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XXXTIIL,  209).  Fig.  6^0  is  a  conreiiient  form  of  apparatus  ilenigned 
bj  Mntteucci,  for  thta  exjierimenl.  Two  coils *of  insulated  wire,  AB 
•re  BUBtained  on  mOTnble  feet,  ad-  ^^^ 

inittlng  of  near  approauli.  Wlien 
the  charge  of  a  Leyden  jar.  D,  ia 
passed  through  the  ooU  cd  un  A,  a 
perfion  whose  hands  graup  the  uun- 
duutora,  ik,  of  the  coil.  B,  will  re- 
ceive a  shoek,  the  violence  of  which 
in  ureases  with  the  cloeor  approach 
i>r  A  and  B.  The  diretitiou  of  the  cu 
ia  A.  If  a  gaUanometer  is  iDserted 
deflected,  or,  if  a  magnetizing  spiral  is 

bjii. 

930.  lodmoed  cnrteots  of  different  ordeia. — Bj  using  a  aeries  of 
flat  spirals  of  copper  ribbon  alternating  with  bdices  of  fine  insulated 
copper  wire,  arranged  aa  in  fig,  690,  Prof.  Henry  (in  1838)  demonstrated 


ent  in  B,  is  the  reverse  of  thnt 
n  the  uircuit  ih,  ita  needle  is 
led.  needles  may  be  magnetized 


that  teoondarj  or  induced  cnrrente  produced  other  induced  ci 

the  second,  third,  fonrth,  and  an  on,  as  far  as  the  ninth  order.    Thus,  the 

flat  spiral.  A,  receiving  the  battery  current,  induces,  at  every  rupture 

of  that  current,  a  secondary  inlenae  current  of  opposite  name  in  B, 

while  the  second  flat  spiral,  C,  receives  from  B  a  quantily  current, 

inducing  a  tertiary  intense  current  in  the  second  fine  wire  spiral,  W, 

»nd  so  on.     The  signs   4   and  —  alternate  after  the  first  remove  from 

the  battery  current,  as  ia  easily  demonstrated  by  inaerling  magnetiiing 

spirals  in  the  conducting  wires,  and  using  steel  sewing-ueedtes  as  lesta. 

A  screen  or  disc  of  metal  introduced  between  any  two  of  sdi 

these  coila,  cats  ofl^  the  inductive  influence.     But  if  I 

screen  baa  aalit.  ob.  cut  fn^m  the  centre  lo  the  ci  re  u 

ference,  as  in  fig.  601,  the  induction  is  the  same  as  if 

screen  were  present.     Discs  or  screens  of  wood,  glass,  paper, 

non-C4>nductora,  offer  no  impediment  to  this  induction, 
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ii  ths  IndactloD  of  a  correat  on  Itaelf. — 

The  effect  of  n  long  and  sUiut  oiniJuclor  in  giving  n  vivid  spbrk  and 
shockii  (rum  n  aingio  o*ll  Iwhiuli  alone,  or  witli  a  short  voaductor.  gi»M 
ueittier  apiirks  nnr  sboi^kii),  wtM  first  noticed  in  l^'i'2  by  Prof.  Ilenrj. 
(Am.  Jour.  Sai.  [1],  XXU.,  404.)  This  fact  wm  aftarvrards  the  sutijeot 
iif  invoBtigatiou  Ijj  Farftdair,  in  Deuembor,  1834,  and  also  by  Henry, 
in  Januurj,  1^5.  The  arrangement  used  by  Pruf.  Huorj  is  seen  iu 
tig,  692.     A  sniaJI  battery.  L,  is  cntinacted  witb  the  flat  spiral  of  cap- 


bon,  A,  by  wires  from  tlie  battery  eups,  Z  and  C;  when  thit 
»  broken  by  drawing  the  end  of  one  of  the  ttatlrry 
wires,  Z,  over  the  rasp,  a  brilliaat  apark  is  seen  ttt  the  inntant  ofbrtak- 
I'n^  ooDtact.  No  spark  is  drawn  on  making  concauL  MorooTer,  if  • 
fine  wire  coil,  W,  is  placed  in  the  relation  to  A  shown  in  the  figare. 
thera  is  only  n  feeble  spark  Hsen  on  breaking  the  battery  contact.— 
while  the  powerful  seciindary  cnrrent  already  named  is  set  up  in  W, 
violently  convulsing  the  hands  which  graitp  its  terniinaU.  The  strong 
spark  from  the  large  fiat  coil  or  single  wire  in  the  first  ease,  is  then  the 
equiralent  of  tbe  current  which  would  be  produced  in  iLe  teoond  castv 
if  such  current  were  permitted.  This  reflux  current  induced  on  a  con- 
duohir,  and  the  outflow  or  recoil  of  which  produces  vivid  sparks,  i* 
what  Faraday  calls  tho  txlra  current.  In  powerful  coils,  this  extra 
current  produces  sparks,  the  report  of  which  resembles  the  exploskdi 
of  a  pistol,  especially  under  tbe  inductive  inSnence  of  a  powerful  tl«i> 
tro-magnet,  as  in  the  engine  of  Dr.  Page,  already  noticed.  The  heavy 
c»ils  of  this  apparatus  produced  sparks  from  the  extra  current  fruui 
two  to  six  inches  in  length,  and  having  the  same  rotative  action  as  tbe 
conductor  itself.  (Am.  Jour.  Sci.  [2).  XL,  191.)  Many  furmn  uf  elec- 
tro-magnetic npparHituB.  in  which  two  colis  are  combined,  shuw  tlia 

931.  Page's  vibrating  aimatoie  and  eleotrotonw. — In  this  appa- 
ratus, fig.  693,  (he  flow  of  the  battery  current  is  in(«rrupt«il  by  tba 
1  of  the  bent  wire.  P  W  C.     At  M  is  a  bundle  nt  <ki(1  iron 
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'e  of  the  iaduuiiig  ciU.  Becinii'iiig  niaeuetl 
of  iron  on  the  end  of  P  Ui  M.  Tiiia  uioveiii. 
ut  of  the  taercarj  Id  tlie  cup,  C,  with  a  briliii 
w  of  the  flflj 


iug  the  e. 

s  the  other  eml 
spark,  due  lu  tli«  &• 
«xtriL  current,  the  magnelism 
liaring  disappeared  hy  the 
break  uf  Ihe  Iiatlery  flow. 
tiniTitj  tlicn  reutures  the  wire 
to  it«  original  position,  thus 
renewing  the  batlerj  current 
Bud  tlie  magnetism,  and  with  1 
it  the  Bpnrk  in  C.  A  fine  w 
tnduution  coil  of  two  ibousond 
or  three  thousand  feet,  wound  nbout  the  inducing  coil,  develops  the 
secuadary  current*  already  noticed,  with  powerful  phjsiologiual  and 
other  inductive  effecl'i,  resetnbling  statii^nl  electricity. 

932.  Induced  cnnenta  from  the  earth's  magiietlam. — The  earth's 
magnetism  also  inducee  electrical  currents  in  metallic  bodies  in  move- 
ment ;  another  nf  the  diiooveries  of  Faradaj.  For  this  purpose,  a  helix 
in  the  form  of  a  ring  w  made  to  revolve  with  iia  axis  at  right  angles  to 
the  magnetic  meridian,  and,  consequently,  each  point  of  the  ring  de- 
acrlbea  circles  parallel  lo  the  plane  of  this  meridian.  A  pole  changer 
on  the  axis  is  io  arranged  as  to  keep  the  induced  current  moving  alwaye 
in  the  same  direction  :  when  so  arranged,  and  its  terminal  wires  ore  con- 
nected with  a  galvanometer,  a.  deviation  of  the  needle  indicates  the  flow 
uf  a  current  to  the  eaat  or  the  west,  according  to  the  direction  of  the 

933.  CoDveiBiou  of  dynamic  Into  atatic  electricity. — The  In- 
daction  colI.^Uy  careful  insululion  of  the  secondary  coil  of  fine  wire 
— BB  well  in  itself  as  from  the  primary  or  magnetizing  wire — electricity 
of  high  tension  is  pri>duced,  surposBing,  in  energy  and  abundance,  thut 
from  mochinee  of  the  greatest  power.  Maason,  in  1842,  first  succeeded 
in  obtuuing  these  reiiults,  hut  in  a  very  feeble  manner  compared  with 
those  we  now  know.  Buhmkorff,  of  Paris,  in  1851,  constructed  the 
coiU  which  bear  his  name.  By  careful  insulation  of  the  fine  wire 
coil,  he  succeeded  in  pn>ducing  sparks  of  about  two  inchex  in  length 
between  the  electrodes,  charging  and  discharging  a  Leydeo  jar  wiUi 
astonishing  rapidity.  No  electrical  instrument  linn,  in  modem  times, 
been  more  celebrated. 

Ritchie,  of  Boston,  haa  so  vastly  improved  this  apparatus,  bs  to  de- 
terve  the  highest  praise  from  all  interested  in  physical  research. 
Ritchie's  form  of  the  induction  coil  is  shovm  in  fig.  G94.     The  cause 
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or  the  luperiurilj  in  tbe  Amerlcnn  ftppnmtu*  U  doe  chieBj  to  th* 
miide  uf  nioding  tbe  fine  wire  coil.  \ij  irhich  it  is  poMible  to  use  with 
Huccega  a  wire  of  «ieht;  thifucaod  fe«t  in  length,  while  the  limit  in  the 
itinlrumente  made  bj  Ruhmkurff  was  about  ten  tfauuiiuid  feet.  The 
extreme  leogtb  of  xpark  obMined  by  tbe  Eurnpeao  iDBtrumcntc,  w*», 
f<iT  the  French,  about  (ko  iucbe»  (Jean's) ;  hik]  fur  the  English, ,/(Mir 
iiiuhes  (lleardor's) ;  the  American  iustrumenla  have  prtijected  h  torrcDl 
uf  nparlis  over  si'j;fcen  inches  in  free  air ;  while  the  one  shown  in  fig.  G9-). 
is  limited  to  about  nine  inuhee. 
The  chief  parU  of  thli  ■pparstai  are  tbe  t*a  eoilt,  *a  ialFrraptot  to  the  pri- 
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hown,  b;  cumpaialive  triala,  that  then  to  u 
advantage  in  varying  the  rapidity  of  the  inlermpliDDi,  euDordieg  to  the  elaaa 
uf  effacti  to  he  produced,  ud  tbBt  a  oorllin  lime  ie  nqnieile  far  the  complcl* 
charge  and  dlirharge  ot  tbe  laft  iron  vires  (which  form  the  Mire  of  ibe  beljei} 
circuit),  longer  Iban  the  automatic  break-piece  allowi. 

The  ohjeet  of  the  ronirater  (whieb  is  dne  U  Mr.  Piiean]  i*  to  daetrof,  bj 
Induction,  the  grcaUir  part  of  tbe  force  of  iho  rrira  mrrtnl,  wbicb,  owing  i«  the 
very  powerful  magnetiBin  devclopcil  in  the  core  of  (oft  iron  within  the  bMlrrj 
noil,  would  otherwise  greatly  impair  the  power  of  Ibc  appanUMa.  aa  il  merea  ia 
I  direction  oppoeite  to  ihc  primary  carraat  (831).  Tbe  eondcDier  eonalsts,  in 
Jie  inatmineni  figured,  of  one  hundred  and  forty  iqnwe  feet  ot  tin-fDil,  ditided 
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I  of  40  teoll.  w\ii>Be  lormm 
lauUMd  by  Iriplo  WMn  if 
at,  inaceU  ijrepBrsij  fui 
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If  or  B 
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ir  tbr«e  l*rgo- 


034.  GffscU  of  the  Indnction  coll.— The  jrkifaiologieal  effixt*  are 
mt  'liHtreaRing  nnit  vvi^n  dniigeruua,  that  twi  great  care  cannot  be  t«ken 
to  avoid  tliem.  M.  Qiiet  «uh  emitine^  to  his  had  for  some  time,  afker 
hnring  acnidenlall;  received  the  shock.  Smalt  auimnU  axf  instantlj 
killud  by  it*  dinclmrge; 

The  Ininiaoua  effects. — When  a  aerie*  or  Hparks  passes  between 
the  puintsof  plutinuui,  or  tiotireen  tbe  balls,  they  arc  of  a  iig«ag  form, 
and  acuompanied  b;  n  loud  noiae  and  a  strong  odor  of  oxone.  Their 
color  is  violet  and  jeltowinb.  or  greenish  yellow.  If  the  points  are 
vriibio  an  inuh  or  two.  the  Btreiim  of  apurks  appears  to  be  oonlinoooii, 
a  fourlh  of  nn  inch  broad,  surrounded  by  n  violet  areola,  and  erosned 
by  numerous  lines  at  right  angles  to  its  path.  If  it  is  blown  by  the 
breath,  or  by  a  bellows,  it  i«  deflected  into  a  curve,  and  a  bright  flame 
is  seen  pmjectei  fur  same  distance  beyond  the  purple  or  violet  stream 
of  electric  light.  The  color  of  the  flnme  varies  with  the  nature  of  the 
electrode*  (8(<5).  If  one  of  the  electrodes  is  covered  by  a  small  glass 
Sank,  tbe  power  of  the  induction  is  such  that  a  stream  of  violet  elec- 
tricity is  seen,  as  it  were,  to  |>asH  directly  through  the  glass,  while  the 
ball  of  tbe  flask  is  oovereil  with  a  magnificent  net-work  of  violet  light, 
Bpread  out  like  the  blood-vessels  upon  tbe  eye-ball. 

If  an  ^.pinus  condeasor,  or  a  I^yden  jar,  m  put  in  the  path  of 
the  current,  tbe  length  of  tbe  spark  is  much  diminished,  but  its 
intensity  and  splendor  are  increased  twenty-fold.  The  electrio  light 
(beo  becomes  intensely  white,  and  the  sound  of  the  explosion  of  the 
successive  sparks,  when  these  arc  drawn  by  a  slow  movement  of  the 
break-plere.  is  like  tbe  snap  of  fulminating  mercury,  or  the  sound  of  \ 
pisliil,  while  tbe  electric  stream  appears  continuous.  If  a  Newton's 
uhrnmalio  disc  is  cuused  to  revolve  before  it,  each  spark  causes  the 
uolors  of  the  revolving  disc  to  appear  stationary,  although  without  this 
evidence  of  an  intermittent  character,  the  stream  of  electricity  would 
appear  to  be  unbroken. 

Splndlil  phmomuna  of  fimmcmrr  with  i^aoarj -colored  glats — cbpmiiil 
Iteanpadlioiir,  d«flaEraileDi  n(  tbo  l«kf  malali,  diisbsrges  of  fluboi  ot  Ligbl- 
Biig  ovsr  thi  inrrue  of  ■  mnlitllla  mirror,  ■  gilded  board,  or  wet  l«ble,  and 
nemsnius  othfr  miiil  beaniifut  Aiid  mJlruL>ii»B  bi  peri  men  t«,  are  msdr  witb  Ihii 
■rparktui.     Indeed,  Desriy  all  Ibe  pbcnomona  of  nu.\e  vlMtricily  are  ihown  by 

tl  in  0Hrii>Di  to  obiwn-E.  llist  the  iparlis  gf  Ihii  klod  of  circlridlljr  |>iwt  freeljr 
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a  puiaUd  wini  (8!6).     If  ti 


I  sppin 


.iUj  g«] 


.ergetir.    All 


The  obemlcal  eBects  of  the  iiiduclion  noil  are  Bhown  id  the  decom* 
position  of  wat«r,  ta.,  while  a  stream  of  sparks  from  it,  passed  througb 
a  tube  CiintiliiiiDg  air,  soon  caunes  the  produution  uf  reddish  vapora  due 
to  the  formation  of  hjponitric  acid  from  Ihe  udidd  of  the  eluments  of 
the  nir.  3Ir.  Gnssiot  baa  lately  shown  (Phil.  Mag.  Aug.  liDCO)  tbstUis 
intCDsitj  of  the  uoil  is  such  as  Ui  transmit  electrolytic  effects  acrnu 
gittsx,  or  apparently  through  the  walls  of  a  Flurence  flosli. 

635.  Ligtit  of  tbeae  coirenta  in  a  Tacuam. — The  difference  W 
tweeD  the  light  from  the  positive  and  tiie  oet^alive  electrodes  hai 
alreadj  been  noticed.  Owing  tu  the  absence  uf  intenne  effect*  of  beat 
in  tlie  currents  from   the  ioduclion  coil,  they  tvb 

are  particularly  adapted  to  illustrate  tbis  dif- 
ference, Bspeoially  in  mityuo. 

In  a  tacuum  tube,  or  the  electrical  egg  well 
exhausted,  a  torrent  of  rosy  or  violet  fire  falls, 
from  the  positive  electrode  above,  toward  the 
negative,  which  is  surruuuded  with  a  blue  and 
white  light,  extending  down  the  stem,  with 
splendid  Suorescence  (533).  If  the  vacuum  is 
made  upon  vapor  of  turpentine,  or  of  phosphorus 
in  the  Ggg.  or  in  an  auroral  tulje,  a  mciat  wonder- 
ful phenomena  shows  itself;  fA«  utratificalioa 
of  the  deetrical  iighl  iu  alternate  bands  of  light 
and  darkness,  surruundiug  and  depending  from 
tbe  positive  pole,  as  indicated  in  fig,  695.  This 
curious  phenomeaoD  was  first  observed  by  Mr. 
Qrove.  Vapor  of  alcohol,  wood-nnptha,  biclorid 
of  tin,  or  bisulphid  of  carbon,  may  be  used,  each 
with  a  different  effect. 

Mr.  OossioC  has  studied  with  great  care  lli 
oharacter  of  the  apark  in  vaouums  formed  u 
various  gases  and  vapors,  and  has  SBtablished  j| 
the  curious  fact,  that  in  a  perfect  Tnrricelliiin  ? 
vacuum,  the  spark  will  not  pass,  ahowing  thai 

an  e.^tremcly  tenuous  vapor  is  essential  to  i|s  poseage.     Thete  fai4J 
bear  lu  nn  imp..rlunt  luauJier  on  the  phenomena  of  the  Anrvre  BoT«li^ 

Oassiot's  cascade  in  Tacno. — If  we  place  in  a  vacuum  a  p>Ue( 
coaled  wilh  lin-full  iu  the  m.iiiuer  uf  a  Lejden  jar.  and  carrj  the  todar- 


I 


(ton  iiurrent  lo  its  bottom  by  meaoB  of  a  wire  pnsBiiig  lliroagh  the  cnp 
gf  tLe  air-bell,  »■  in  fij;-  6M,  the  other  eleetrode  being  in  cuinmunicatiun 
with  the  air-pump  plale  on  which  the  whole  appa- 
ratus «tands,  we  ara  deligEited  to  eee,  wben  the  cur- 
I  established  from  the  ioductiun  coll,  the  vase 
overflow  like  a  fiiunlain  with  a  gentle  cascade  of 
tiKht,  wavj  and  gauze-like,  fulling  like  an  auroral 
vnpur  on  llie  molnllic  bn»o.  This  expnrimeut  re- 
giHKl  vucuum,  and  is  oertainlj  one 
of  the  most  beautiful  eihibitiims  in  luminnus  eleo- 

936.  RotaUon   of   the   electric   light  about 
a   magnet. — Wc   hero   reoall    the    earlj   obaerva- 
\iiia  of  Duvy.  j  65(3,  on  the  influence  of  a  m»gnet  ■ 
on  the  Voltaic  aro.     If  an   electro-magnet  is  enclosed   in   the  elec- 
trical egg,  and  a  very  perfect  vacuum  is  made  within  it,  when  the 
induction  uarrant  ia  caused  to  flow,  the  electrical  697 
•(ream  ia  seen  to  revolve  in  a  steady  and  easy  man-  -f 
ner  about  the  ma)^et,  the  direction  of  its  mutiijn 
corrPsponding  to  the  polarity  of  the  maf^ot.     In 
flg.  697  is  shown  such  an  apparatus.     The  magnet 
here  is  a  bundle  of  soft  iron  wires  ench)sed  ig  a 
glass  tube,  and  fiassing  through  the  foot,  so  that 
when  the  instrument  is  placed  on  one  pole  of  an 
eleotru-magnet,  the  mass  of  wires  may  be  magnetized 
inductively.    Two  platiuum  wires  -I-  and  — -  pass  in 
glass  tubes  hermetically  through  the  walls  of  the 
vessel,  into  the  vacuum  and  furm  the  points  of  attach- 
ment for  the  electriKles. 

937.  ApplloBttoDB  have  been  made  of  the  i 
lion  current  for  firing  blasts  and  sub-aqueous 
linos,  and  also  for  lighting  simultaneously  all  the  gas  bumera  ir 
andience  room  or  theatre. 

Electrical  bloating  by  Rnhmkorff's  coil  is  easily  ai 
use  of  Statebam's  fuse,  fig.  ^ti 

698,  which  is  only  a  gul  ta-per- 
cha  covered  conductor.  A  B, 
in  which  the  discharge  is  in- 
terrupted at  points,  (I  b,  buried 
in  the  gimpnwder,  prodacin^  |j 
ill  Mtubn  Uon,  even  at  a 
tance  of  many  miles,  an< 


n  a  Urn 


mplished  by  iW 


032  nivHics  or  iuih>ni>ekablb  aoehts. 

MHHivelj,  bat  klmott  at  the  sniiiu  ioaUnt.  Dr.  llnxv  first  smployed  b 
oalurlmolura f'tr  ulentriutl  lilMtin);  ia  1831.  (Am.  Juar.  Sci.  [IJ  XXI. 
1.19.)  But  Uie  uno  lit  ui  eilendwl  lintMrj,  Hnil  all  nnucruunly,  ia 
avoided  by  uiing  the  iodaotivD  ociil.  Uuhinkorff.  io  experimenu  mkile 
at  Villette.  inflamed  gunpuwilpr  with  this  coil  thruugh  nbout  sixteen 
uiiluB.  In  esi^uvKting  the  NHpulwin  duaks  st  CherLiuiirg,  IkwIjt,  orer 
f>5,000  cubic  ynrdx  uf  rook  were  thruwu  out  by  one  seriee  of  blasts  ftrad 


n  thif 


<r~y. 


II. 


I.  CnnenU  indneod   by  magiiAta. — lr  tbe  helix  in  Gg.  699  is 


odntiBCted  with  a.  jiit[\a 
intu,  and  sojiknly  h 
the  needle  of  tlie  gnlru 


9  the 

eleotrloil;  upposito  iu 
snd  whose  direuUon 
oppoHtte  to  thut  of  a  ei 
Amjilire's  theory,  wi 
magnet  like  the  one  t 


of  0 


'.  and  a  bar  iRDgnet  in  quii:kly  thruil 


I  of 


the  t 


.supper  being  in  connection  with  one  pol«,  and  the  «Age  with  the  nthrr. 
a  aeries  of  nparks  may  he  obtained,  as  in  Faraday's  orizinii]H]>rritn«iil, 
Bcinie  deriuo  being  insertod  lo  interrupt  the  ourrout  during  Ihe  rerulu 
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b.  By  a  kelkc  nn  tlie  armature  of  a,  magitel,  the  endijof  tlielietix  Wing 
connected  with  the  poles  respevtivelj,  on  nuddenl;  stidiDg  the  uramturfl 
from  the  polee  of  the  magnet,  h  Hpnrk  18  eecD,  and  if  the  fingers  grasp  the 
:,  a  shock  follows.  This  fact  was  first  ariDdunced 
in  Deceiiiher,  1831,  b;  Srs.  Nobili  &iiif  Antinori.  Sutloa  cimstrueted 
the  flrst  mugnelo-eleutric  machine  in  which  the  amiatare,  wound  with 
K  helix,  waa  inHde  to  revolve  in  front  of  the  pales  of  a  magnet,  and  eo  to 
reproduce  ail  the  phonompua  of  awlic  and  voltuio  eleclrinity  from  per- 
manent magnetfl.  Fig.  TUO  nUwa  an  improceil  form  of  SaxUin'e  appa- 
ralui,  where  the  duuble  inducing  coil  revulvex  b;  means  of  a  iiiotor 
wheel  and  band  between  the  poles  of  two  powerful  magnetic  hatlerien. 
The  magnetic -electric- induction  in  inlerrupled  hj  the  little  crown-wheel 
aeen  on  the  upper  end  of  the  axis  of  the  revolving  coils 


I 
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elunpod  on  the  nptigtat  baard,  R,  by  Ihs 
cUn|i  C.  Thg  hIicbI,  F,  [inl>  in  molioD 
two  bglim.  U  Q,  woand  upon  ■  rotating 
armalun  of  toll  iron.     The  eleclriral  cur- 

Ibc  apring,  or  bDah,  Q,  wbicb  rabi  on  Ibe 

ii  coio|i1eteJ  bjf  the  book,  0,  pming  upon 
tb>  cnalitiaoQa  part  of  the  iplodle,  B.  A 
■  tout  irln,  T,  movable  at  pleaiaro.  con- 
nects lbs  two  tiAtt,  M  and  M,  otbetwi^e 
inaulaled  by  the  pisee  of  dr;  '"H>d,  L. 
Wbgo  tbs  collf  an  rapully  rotated  berure 
Ibe  polsi  of  tbe  magnet,  tbe  current  la  iu- 
Isrmptsd  twioo  in  eTerj'  r*iolutioii  bj  tbe 
honk.  Q,  with  the  prodaction  of  ■  brilliant 
(park,  ir  the  ooila  are  enrnpoaml  or  a  long 
and  line  wire,  then  powerful  ahi>Fk>  wUI  le 
eipsrixDoed  b;  one  balding  tbe  bi>u<lk>  K 
aad'S,  bat  napablenfa  greit  gT;irlRiii' 
piMe,  U,  with  rererenee  to  the  p'linl 
■hoolu  may  be  made  qoila  intolera- 


If  tbe 


poaing   apparatna,    fig.  ' 


of   ih" 
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not  or«r  two  hnndrvd  (bet  long,  for  tha  imBll  loog  wira,  tha  fmnii 
trndDoed,  rrom  which  brillianl  ipu-ka,  tb«  dcfliisnitiDn  of  merenrj,  uid  •■ 

Bn  to  etlier,  u  in  Bg.  703,  mij  be  prodaead ;  men 
taucbed  by  Uia  raTDWiiig  poinU,  A,  dd  tfaa  and 
of  (he   kiia,  if,  *Dd    with   eier;   diarnption    of 
the  eircai'l,  the   eitrm  curreat  diichargca  vith 

ignited,    und    alec  tro- mag  note    e  barged    bj    the 


irilj,  phjsi( 


Thua 


1   phjiic 


e  all  tl 


S39.  IdanUty  of  eleotrlolty  from 
whataver  aoaioa. — It  fullows  rTooi  bI) 
that  baa  been  iiaid,  tliat  the  pbenomena  of 
magnetio,  static,  and  dynamic  electricitj, 
are  all  CRpabls  of  being  produced  each  b; 
the  otber ;  ftod  the  conclusion  seems  war- 
nnted  that  electricity,  from  wb&terer  Boorce,  is  one  and  the  mmm 

HameToiu  and  iDitmctiTe  forma  of  (ppkrataa  h*Te  been  deriaed  to  deiDP 
■tnila  this  poial,  ti  wall  alio  u  to  illustrate  in  dalail,  the  prineiplea  we  have, 
for  want  of  apaoa,  been  cbmpelled  to  itala  in  urmi  too  ronciH.  Tha  atadant 
and  teacher  will  And  it  uteful  to  coagult  the  flgurea  of  Daria'a  Manual  nf  Hag- 

netiemfut  rarioui  forma  of  apparatus,  due  1o  the  ingeDuilj  of  Faradaj,  Dr.  Page, 
and  maoy  othera.  For  worka  of  sluDiluid  autburitj,  be  ia  referred  to  Faradaj't 
eiperimeotal  reaearohea,  and  De  La  Hive'a  treatise  oa  •leetricilj,  eaeb  in  three 

(  6.  Otber  SontoflB  of  Eleotrloal  ExclUmttnt. 

040.  naiv«isalltr  of  electrical  azoltement. — Every  change  in 
the  physical  or  chemictii  condition  of  miitter,  seems  to  be  attended 
nith  electrical  ezciUtnent.  This  is  evident  from  the  phenomena 
attending  tbe  cleavage,  or  pulveriiing,  of  many  minemls  and  crys- 
tallized substances,  as  sugar,  mica,  lioc-blende,  and  numerous  other 
substances  which  evolve  light  when  suddenly  cleaved.  If  precanttooi 
are  taken  to  insulate  these,  as  with  mica  it  h  easy  to  do,  by  sealing 
wax,  they  alao  Nhon  the  effects  of  electrical  excitement  by  the  oon- 
deniier.  The  production  of  crystals  is  often  also  accompanied  by  elec- 
trical light. 

Combustion,  evnporation,  the  escape  of  gas  attending  chemical  trans- 
formntii>nn,  clieniicat  decompositions  and  combinations,  have  all  been 
known  to  eviilve  electricity  when  properly  obBerved ;  but  in  most  such 
cnnes,  the  phenomcnn  are  too  complicated  k>  render  it  clear  to  which, 
if  indeed  to  any  single  action  of  those  enumerated,  tbe  e 
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Tlie  eleclricai  currents  let  up  by  heat  (thermo-electricity),  and  thoae 
ig  fmru  the  phennmeua  or  life  (HniiuHl  electrici^).  nre  the  most 
itnportBiiL  of  all  flources  of  electricitj  not  before  direlt  on,  and  to  them 
wB  will  now  briefly  advert. 

941.  Thermo-electricity. — The  discoverj  of  this  source  of  eleo- 
irinal  Durrenia  te  due  h>  Scebeck,  of  tterlin,  in  1821.  lie  found  that 
if  two  metaU  of  unlike  cryntalline  tenure  and  conducting  poirer  are 
united  by  solder,  and  the  point  of  Juaction  is  either  heated  or  cooled, 
an  electrical  current  Is  excited,  which  in  general  flows  from  the  point 
of  junotion  to  thut  raeiAl  which  is  the  poorer  conductor-  Fig.  703 
shows  such  an  arrangement  of  two  little  bara  of  bismuth  and  anti- 
mony. When  the  junction,  e,  TD4  T0& 
is  healed,  a  current  of  poaittto 
electricity  flows  from  the  bis- 
muth, b,  to  the  Antimony,  a, 
the  form  of  a  rectangle  iH  given  / 
to  this  arrangement,  as  in  tig. 
704,  an  inatrument  resembl 
Scbwelgger'a  multiplier  is  fo 
ed  (905),  by  which  the  ma;^etic  needle  h  deflected.  A  twisted  wire 
also  produces  a  thermo-electric  current  when  the  twisted  portion  is 
gently  heated,  and,  besides  metals,  other  solids,  and  even  fluids,  give 
rise  to  this  species  of  electricitj.  The  order  in  which  the  metals  stand 
in  reference  to  this  power  is  wholly  unlike  the  Voltaic  series,  aud 
appears  related  to  no  other  known  property  of  these  elements.  The 
rank  of  the  prinnipal  metals  in  the  thermo-electric  series  is  as  futlowa, 
as  determined  by  Becqucrel; — The  numbers  prefixed  give  the  order  of 
each  metal  in  the  table  of  specific  hents  an  determined  by  Regnault. 
Those  having  the  highest  speciBc  hent,  as  a  general  rule,  beiug  first  in 
positive  power  (  +  )  in  the  thermo-electric  magnet :  6  antimony  ;  I  iron; 
2  line;  4  silver;  7  gold;  3  copper;  5  tin;  9  lead;  8  platinum;  10 
silver. 

When  the  junction  of  any  pair  of  these  is  heated,  the  current  passes 
from  that  which  is  highest,  to  that  which  is  lowest  in  the  list,  the  ex- 
tremes affording  the  most  powerful  combination. 

Becijuerel  has  found  the  intensity  of  the  current  in  a  thermo-clectrio 
oombinntron  to  be  proportional  to  the  difference  of  temperature  in  the 
solderings  up  to  100"  or  ISC'  F..  one  of  thepi^ints  being  at  32°.  AU.ve 
this  limit,  the  ini:roaBe  of  intensity  is  less  aj 
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liHS.1.    In  a  nou]i1e  of  copper  and  iron,  llic 
HDHible  nonr  5T0«  F. 

Id  ■  oiiuifHiuni]  tbenno-eleotriu  Mries,  ii 
thiHie  iif  the  VnttAic  pile,  nre  obtained  only  wlaea  balf 
the    wilderingn    nrs    heated,    tlie    AUernstes    being 

TbVUDO- electric  motlonn. — If  a  comjKiund  ring 
nl  briuia  and  (jennnn -silver  is  suBpenUml  within  tbe 
|Ki1eH  of  a  mngnct,  as  in  flg.  700.  when  tl>»  Hulderin); 
iif  Ihe  ring  in  healpd,  (i  revululion  is  evl  up,  tbmugh 
tlie  influence  of  the  magnet  on  the  Electric  current, 
quile  analugoun  to  similar  oleatroniugnotic  motions. 

Cold  prodaocd  by  eleotrloal  ennentn. — IC  we 
pass  a  feeble  current  of  clectrleily  through  a  pair  of 
antimnnj  and  bismutb.  the  temperature  of  iho  sjslem  i 
rises,  if  the  current  pnssea  from  the  former  fi  ibe 
latter ;  but  if  from  ibe  bismuth  to  the  antimonv,  oold  i: 
the  c()mponnd  bar.  If  the  reduction  of  temperature  is 
artificiallj,  water  contSiined  in  a  cavity  in  one  of  the  bars  may  be  Iroien. 
Tlius  we  see  lli»t,  m  u.  rhiinge  of  temperature  disturbs  the  Gleetrical 
equilibrium,  at>,  ooocersely,  the  dialurbanco  of  the  latter  produces  the 

942.  Melloat's  thermo- multiplier. — We  have  already  alluded 

tbia  delicate  metalliu  thuriniimi 
tiun  in  the  phenomena  of  din 
tbermancy  (042).    Tbie  instru- 
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Email  bars  of  antimony  and  bis-  1 
muih,  a  and  b,  fig.  707,  soldered  ] 
together  at  their  alternate  ends.  J 
Two  wires  connect  Ibe  opposite  { 
membere,  n  and  m,  fig.  708,  of 
this  battery,  with  a  giilva 
ler.  The  needle  of  the  galva- 
nometer is  suapoiided  over  a  graduated  circle,  and  tnoYea  in  eticl 
accordance  with  a  thermo-electric  current  produced  by  the  battery. 
The  least  difference  in  temperature  between  the  opposite  faces  of  tliii 
battery,  produces  a  thermo-electric  current,  deQeuting  the  needle  of 
the  galvanometer,  fig.  058,  as  already  explained  in  {  642. 


It. 
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e  have  ulreiuly  spiiken  of  ibo  di<* 
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ELECTRICITV. 

eoTBry  bj  Giilvani  nf  olectricnl  currents  in  aiiimnls,  living, 
dewl,  Sowing  from  the  outer  or  cutaneous,  to  the  inner  ur 
mucous  iurriice.  Thu»,  when  contact  is  mnde  between  tlia 
rausules  of  the  thigh  and  the  lumbar  uervee,  h;  benditi); 
the  legs  of  a  vignrous  frog.  fig.  709,  contraotiona  ininie-' 
distol;  follow.  Alilini,  who  was  a  zealous  advocnte  of 
Oaltnni's  TiewB,  during  the  eontrorenij  between  the  fol- 
lowers of  Onlvani  and  Volta,  demoosCrBled  the  eiistettce 
of  such  a  current  in  other  animitls  by  the  legs  of  a  frog  used 
mt  a  gaWaDoscope.  For  thia  purpose,  he  brought  the 
lumbar  nerve  of  a  frog,  held  as  in  fig.  710,  In  contact  with 
the  Uingue  of  an  oi  lately  killed,  while  the  bond  of  Che  operator, 
with  aaU  water,  f^a!>ped  an  ear  of  the  ani-  )|o 

■nal  to  oomplete  the  circuit.  The  legs  were 
then  convulsed  as  often  as  the  nerres  tuui'b 
the  mucous  surfnce  of  the  tongue.  The  same 
delicate  electroscope  also  shows  similar  ex- 
citement when  its  pendulous  ischiatiu  nerves 
touch  the  human  tongue, — the  toe  of  the 
frog  being  held  between  the  muiatened 
thumb  and  finger  of  the  eiperimenter. 

Matteucci,  of  Pisa,  in   1M37  (forty  years 
ftfler  Galvani's  result  wss  obtained),  has  the 
merit  of  reviving  Galvani's  original  and  cor- 
rect opinion  as  to  the  vital  source  of  tliis 
electricity.     lis  demonstrated,  that  a 'iirre 
always  circulating  fnim  the  interior  to  the  ex 
although  the  quantity  is  eiceedingly  small, ; 
muscles,  having  their  exterior  and 
nected,  he  produced  suffi 
eient  electricity 
decided  effects,  Byaseri 
of   half   thighs   of   frogs,  r-3 
Arranged  as  in  fig,  711,  he   X. 
detroniposed   the  iodid  of 

potassium,  deflected  a  galvanometer  needle  tJ)  'JO",  and.  by 
N  condenser,  caused  the  gold  leaves  of  an  electroscope  to 
diverge.  The  irritable  muscles  of  the  frog's  legs  form  an 
electroscope  fiftj-sii  thousand  limes  more  delicate  thnn  the 
aoat  delicate  gold-leaf  electrometer.  When  (he  petidulous 
lerveof  a  single  leg,  arranged  in  a  glass  tube,  as  in  Kg,  71S, 
li  touched  in  the  places  where  electrical  excitement  is  Buspected,  tha 


of  positive  electricity  ia 
ior  of  a  muscle,  and  that, 
,  by  arranging  a  series  of 
teriur  surfaces  alternately  coa- 
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miHcles  ID  the  tube  tie  instaDllj  coDTulasd.  Dn  Bois  Kajmimi),  of 
Vienna,  haa  duniunstraUid  th«  existance  ur  these  currenis,  iu  bi"  u 
peraon,  bj  the  use  uf  the  galvanumeter,  fur  wljiuli  purptwe  the  inuMti^i 
of  the  haada  ujid  aruig  are  allertiately  oontrautad  od  a  nieUUic  liux  in 
oonneotiaD  vith  &  gnlvnun meter. 

944.  lUvetriCBl  »"t"'°'» — In  some  marine  and  Tresli-nrHtfr  wii- 
maU,  a  Bpcuiul  ttpparatiu  exisla.  adapted  to  prudui>e,  al  pleasure,  pin- 
erful  ourrentH  or  staticai  electricity,  either  as  a  means  of  defence,  or  uf 
capturing  their  prey.  Of  these,  the  electrical  eel,  of  Surinam,  Snt 
described  by  Iluniboldt,  and  the  erampJUh,  or  l^rpedu,  a  flat  fisb  fuund 
on  our  iiirn  ooast,  are  the  most  remarkable.  They  tiave  an  alternate 
arrangement  of  cellular  tissue  and  nervous  matter  in  thin  ulaies  uf  a 
polygonal  furm,  conBtituting  a  perpetually  charged  electricni  battery, 
arranged  in  the  manner  of  a  pile.  By  l«ucliing  their  opposite  BurfnaeB. 
a  fery  violent  shook  is  received,  suth  as  tu  dinable  a  very  ttiwerful 
man,  or  even  a  horse.  Pruf.  Matteucci  has  tbown  us  how  to  charge  a 
Leyden  jar,  by  placing  the  tiirpedu  between  two  plal«s.  arrnn^i-d  tike 
the  plates  uf  a  condenser ;  and  Fumday  has  published  an  inlen^slini; 
account  of  bis  eiperimenlfi  with  the  eels  of  Surinam,  frooi  which  he 
nnl  only  obtnjnod  ahoeks,  but  made  magnets,  deflected  the  galianome- 
ter,  produced  ahemioal  deoom positions,  evolved  heat  and  electricni 
Bpnrke.  (Kipt  Res.  1T49-1T96.)  The  student  ia  also  referred  to  PrnT. 
Matleucci's  interesting  "  Lectures  an  Living  Beings,"  for  further  detail* 
on  this  very  interesting  buhject,  and  to  a  memoir,  nn  the  American 
Torpedo  (Dr.  D.  H.  Sl«rer.  Am.  Jour.  Sci.  [1],  XLV..  1G4). 

945.  Electiicitr  of  plaiita. — PnuilleL,  in  hie  reeeart.-he8  on  the 
origin  of  atmospheric  electricity,  made  the  interenting  dieuovery  of  Ihs 
disengagement  of  negative  electricity  during  the  gorraination  of  seed's 
and  the  growth  of  plants.  This  observer  estimates  that  a  surface  of 
100  square  ynrds  covered  with  vegetation  discngiages,  in  a  day,  uiura 
electricity  than  is  required  to  uharge  the  most  powerful  Lcjden  battery. 

Curreota  of  electricity  have  also  t>een  detected  in  fruits,  and  in  the 
bark,  roots,  and  leaves  of  growing  plants ;  the  routs,  and  all  internal 
parlD  of  plants  filled  with  juice.  Iieing,  according  to  Buff,  negative  with 
relation  to  the  exterior  or  leM  humid  part«. 

[For  FtobUnuon  E'tcbrialy,  iee  end  of  Metauology.'] 
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946.  H«t«oroloB7  ia  tlmt  branch  i)f  nalural  pbilosophj  which  trenU 
of  the  atmoHphere  and  its  phenomena.  The  suliject  may  properly  be 
divided  into — 1st,  Climatulngj ;  2d,  Aerial  pbenumena,  comprehending 
winds,  hurricaneH,  and  wntcr-spouts ;  3d,  Aqueous  phenomena,  includ- 
ing foE^,  clouds,  raina.  dew,  enow,  and  bail;  4th,  LuninouB  and  ele<v 
trical  phenomena,  as  li);htniiig,  raiuliuwii,  aod  aurora  borealia. 

Our  narrow  limits  of  apace  restrict  our  remark*  oo  thi«  intoresting 
uilyect  to  a  rerj  inadequate  rehearxal  of  it«  principles.  The  Bludent 
will  refer  U>  the  works  of  Eepj  and  Blodget,  uud  tlie  papers  of  CoSn, 
Henry,  Luuniie,  Redfield  and  others,  in  the  transactioos  of  the  Ameri- 
can Philosophical  Siicietj.  publications  of  the  Smithsuniau  Institution, 
the  DuiUd  States  Pal«ut  Office,  and  the  American  Journal  of  Science, 
fur  an  exhibiiion  of  the  American  results  in  this  science. 
I  1.  Climatology. 

947.  CUmatea,  aeaaoiia. — By  dimate  is  meant  the  condition  of  a 
place  in  relation  to  the  Tarious  phenomena  oF  the  atmoephere,  m  teiii- 
{wrature.  moiature.  &b.  Thus,  we  speak  of  a  warm  climate,  a  dry 
nlimate,  Sx, 

A  leaion  is  one  of  the  four  divisions  of  (he  year,  spring,  summer, 
satumn.  and  winter.  Astronomical  seasons  are  regulaled  according  to 
the  march  of  the  sun.  In  meteorology  it  is  sought  to  divide  them 
according  to  the  march  of  temperature.  Winter  being  the  must  rigor- 
CDS  of  seasons.  It  is  so  arranged  that  its  coldest  days  (about  January 
15tb)  fall  in  the  middle  of  the  season.  Hence,  winter  consists  of  De- 
cember. January,  and  February:  spring  of  March,  April,  and  May, 
ftc.  Few  meteorologists  have  regard  U>  the  astronomical  dirisions, 
which  make  winter  bepn  December  21st. 

948.  Influenoa  of  the  auD.— The  sun  is  the  principal  cause  Uiat 
regulates  variations  in  tempemture.  In  proportion  as  this  luminary 
rises  above  the  horiion,  the  heat  increases ;  it  diminishes  as  soon  ns  it 
•eta.  The  temperature,  also,  depends  on  the  time  it  remains  above  the 
lioritOD.  The  sun,  in  winter,  sends  its  rays  obliquely  upon  the  earth, 
and  at  this  season,  therefore,  less  heat  is  received  than  in  summer, 
when  its  rays  are  more  nearly  perpendicular,     MalliematieiaiiB  have 
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Id  Ttiin  nndoavoreil   to  ileduutt  the  temperBture  uf  dnvi  and  acnsuns 
from  the  height  uf  the  eun  atiove  the  boritOD.     This  failure  is  ow 
to  miuiy  aouid(^DIal  and  loual  cdumx,  whicb  modif;  tfae  reiull, — &»  i 
Tatiun  above  the  ocean,  ioiiUnation  of  the  aurfaoe,  rioiaity  of  seas,  lake», 
or  mountnina,  prevalent  winds,  te. 

049.  M«t«aioloKical  obaervntlons.  to  be  cutnpared  with  each 
olber,  eHpecialt;  when  mnde  in  dltfenMil  louatioDs.  ebould  bo  m&de  nl 
certain  fixed  hours  of  tbu  day.  The  liuiirs  regarded  &e  moBt  Buita 
tor  this  purpose,  are  G  «.  u,,  2  f.  h.,  and  10  p.  v.  To  these  hours  are 
)  ■oinetimee  added  9  a.  ■.,  nnd  G  r.  ■. 

'50.  Mean  tempeiatare. — The  mean  or  average  dailj  tompera- 
tnre  in  commonl;  obtained  bjr  observing  the  standard  thennometer  at 
ttaled  limes  during  the  day.  and  then  dividing  the  sum  of  theie  i«m- 
pcraturCK,  retpcclivol;,  by  the  number  of  obBervationa.  It  han  been 
aarertained,  that  the  mean  (Gmpcrature  deduced  frnin  oliaervalion* 
taken  at  6  a.  m.,  2  p.  h..  and  10  p.  h.,  corresqioDds  aloiust  exactly  with 
tbe  mean  obtained  fnini  obBervationg  taken  every  hour  in  the  24 ; 
banoB  the  three  hours  named  are  consider^  the  proper  houra 
taking  observations.  The  lowest  temperature  uf  the  day  occurs  shortlj 
before  sunrise;  tbo  higbent  a  few  hours  after  noon.  The  meao  daily 
temperature,  at  Philadelphia,  ia  found  Iti  be  one  dogree  above  the  tem- 
perature at  9  A.  H. 

By  taking  the  average  of  all  the  mean  dally  temperatnrea  thtoughoul 
the  year,  the  mean  annual  temperature  ia  obtained. 

951.  MoHlhly  varialions  in  femperature. — In  the  successive  nionlh> 
of  the  year,  there  is  a  regular  variation  in  lemperslure.  From  the 
middle  of  January,  the  temperoture  rises,  at  first  uluvrt;,  in  Apiil  and 
May  rapidly,  then  lee*  rapidl;  to  the  end  uf  July,  when  it  attains  ita 
maximum.  It  falls  first  slonly  in  August,  rapidly  in  September  and 
October,  and  reaches  the  minimum  about  the  middle  of  January. 

In  the  TJnited  EUUca,  Ibe  mnolhlj  Tariationi  of  Icinpenlnni  ire  Daulj  u 
roUpin.  iTbuflgarei  Mtofbed  v,  tlie  sign*  +  and  —  b;  Uio  lide  ef  euh  unDtli, 
■igniry  lbs  numhor  of  dngrova  lolder  or  vnrtDBr  ll  ia  than  tbe  one  iuuiBdiiltl; 
precBdiog.) 

Jannarj,  th«  coHost;  Pobmarj,  +1'"  to  i";  Marth.  8°  lo  lo";  April,  1«°; 
Uif,  B°  to  12°;  June,  T"  to  V;  Jaly.  i"  tn  l(°;  Auguit,  — 1°  lo  3°  ;  EBpismbM, 
—6°  to  8';  October, —8°  lo  lO";  Mnvember,  — 10°  lu  14°;  Beoomber,  —  111"  l» 
11>°.  The  coldcit  daja  are  gcneiiUy  nbaut  Ibo  I&tb  of  Januv;  ;  Ibe  warniMU 
D«ar  tbs  liita  v(  Julj.     The  metat  of  tbe  mnntbi  ot  April  and  Oelobn,  an 

9o2.  The  range  of  temperature  dniitiff  Ike  gear,  is  due  to  lariationi 
in  the  length  uf  days  nnd  nights,  and  the  bright  of  ^e  aun  above  the 
boriEOn  at  noun. 

In  Jannary,  wbon  tbe  dayi  begin  to  increaae  In  iBnglh,  the  sm  aota  with  bibt* 
furuQ,  beoaoM  ile  aagular  haif  ht  li  gteatsri  aad  bwiBj*  it  naiuBi  longvr  abon 
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953.  Voiiatloiis  of  tempeiatnre  i 
perature  of  dilTerciit  places  iin  the  PRine  Inlituile.  varieii  iiccurillDg  U 
tbe  height  of  the  sun  at  mid-da^  above  tlie  hurjxun  al  tliese  piinlB 
The  highest  temperature  is,  thererore,  fuund  at  the  equator ;  it  dimjn 
ishes  either  nn;  tu  the  jioleB. 

Tbe  mniin  iduiiiisr  tampitriitiire  at  rsgioug  midimjr  between  the  puleg  unil  thi 
equator,  maj  be  u  bigb  u  at  Ibe  aqoiilnr,  bcraoBs  tbe  bud  ia  aboTB  Ibe  buriioi 

horiioD  during  six  mantbs  of  tbe  jeu,  tbe  nyi  &te  direeud  ao  ablligueljr  tha 
tfaeir  ealorifiE  aatioD  ii  ler;  feebls. 

The  temperature  ia  not  tbe  Hame  fur  phicea  in  the  same  latitude  ii 
the  two  hemiBphareB,  as  is  ^een  in  the  fulluwiug  table: — 
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>wiiig  to  A  variety  of  local  caunw,  suoh  : 
rntiun  and  furtn  of  the  lund,  prgiimitj  tu  large  hodiea  of 
[cneral  direction  ^f  windp,  Sic. 
9bi,  TarlatioDB  of  tBrnpeiatura  in  alUtade.~Tbe  avera 
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955.  IiJmlt  of  pArpotual  anow. — It  follows  from   wbat  has  ju<l 
hrta  staled,  that  in  eretj  latitude,  at  a  certain  elevation,  there  must 

The  iuwetit  point  at  ohicli  iJtia  U  attained  U  called  the  limit  of  per- 
petual snow,  or  the  snow-liDe.  This  puiut  is  generallj  highest  nwtr  the 
equator,  aad  sinks  towards  either  pole.  There  are,  bowerer,  n 
18  to  this  rule. 


babltaal  ili7nii 


liuinidit;  of  tbe  a 


o.pb«r. 


956.  laotbermal  IIdbb. — If  all  the  points  whose  meiin  temperatun 
is  the  saine  are  uounected  by  lines,  a  Berlea  of  curves  are  obtained, 
which  Uumboldt  was  the  first  to  trace  on  charts,  and  which  he  hnt 
tianied  iiolkcrrHa,  or  iaothermal  Una  (from  !«»;,  equal,  and  Blpia,, 
heat].  The  latitude  und  longitnde  are  the  principal  conditions  whirh 
delermine  the  temperature  of  any  puiul  upon  the  earth's  surface,  but  the 
iiiQuence  of  these  uonditions  is  greutlj  mirdified  by  numeruus  accidental 
and  local  tnElueuccB:  henoe,  the  isuthermal  lines  present  numemus 
sinuosities  instead  of  passin);  amuud  the  earth  parallel  to  any  ilFf;t«e 
of  latitude.  The  introduction  of  isuthermes  formed  an  importsiil  epoch 
in  meteorological  soionce,  for  by  it  have  been  established  the  great  law* 
of  the  distribution  of  heat  over  the  surface  of  the  earth  fiir  tli*  font 
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I,  fig.  5(3,  * 
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wasi'DB.     Tlia  chart  (if  isoclintil 
the  general  direction,  autt  pliii^e 

I  2.   Aerial  Pbeaomeaa. 

957.  Oenoial  considetation  of  ivlnda.^-Wind  ia  air  in  laotion. 
Winds  are  generally  caused  bj  variationa  in  the  tetiiperatare  of  tho 
earth,  produced  id  part  ty  the  alternatiria  of  da;  and  night,  and  the 
change  uf  the  seasona,  The  air  in  contact  with  the  hatter  purtion  uf 
the  earth  beanxata  henteil.  und  being  lighter  than  before,  rlaea.  wliile 
the  aumiunding  air  tushea  in  below  to  supply  Un  place.  The  re»olatioo 
of  the  earth  on  it*  axis.  al»>  oomea  in  aa  an  important  modifjing  cauas 
of  the  thermal  conditiona.  Winds  nro  aliw,  wmietiineEt,  caused  bj  the 
audden  displacemeat  of  Inr^e  volumea  of  air,  oa  in  the  fail  of  an  bv»- 
lanche.  Winds  ar«  named  rr»m  the  points  of  the  horiion  from  which 
the  J  blow. 

958.  Propocatiau  of  winds. — Whether  a  wind  ia  first  felt  in  the 
country  from  which  it  comO".  or  in  that  to  which  it  is  direclei),  ia  still 
an  unsettled  question.  It  would  acem,  however,  that  often  at  least  it  ia 
first  felt  in  the  region  tii  which  it  ia  directed. 

It  hi«  mlrtady  twflo  taid  that  wind^  are  ctaajed  by  laitqDalitieA  id  tba  tAmpera^ 
If  the  air  abuig  ■  corlaia  regioa,  at  in  tbo  tropica,  beeonM* 
~  aadanid  b7  tb* 


propagated  in  a  direi 
flaUsd  wind*  of  atpir, 
from  irbiob  tbe;  bloi 
IntenutiDE  obaorvaliii 

Boitna  Dblil  11  d'dIocIi  io  the  i 
Bnl  at  Albany,  and  iftcrirardi 
iomfflalioD  in  not  less  iitii  prav 
19lb  of  NoTember,  1836, 


irbmtutt 


>1lc  U 


I.    Tbe  wiod  ii  Ifaa* 
diroeliua 


'jnda  vbicta  an  propagated  in  the  i 
lied  winds  of  i«,uJltatio„.     Fraokli 

T  o'elook,  p.H.  in  Pbiladulpbia,  waa  not  foil  at 
nrsninK.  A^ia,  a  Tialsnt  loutb-tteat  wind  blew 
I  at  New  fork.     But  the  eiiitence  of  windi  of 
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(he  Hag 
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L[  8,  at  Lube<^k  at  T.  and  at  Sluttin  at  balf-p 

959.  Aaemoacopes. — The  direutioi 
great  heights  may  often  he  determined  by  the  direction  in  which  tha 
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■apported,  and  has  a  needle  attached  to  it  at  right  angles,  moring  oTer  a  eoa- 
pass  dial-plate.    The  needle  points  apon  the  dial  the  direcdon  of  the  wind. 

960.  Anemometers  (from  Jlye/xo?,  wind,  and  fUrpov,  measare)  are 
instruments  designed  to  measure  the  velocity  of  winds. 

The  velocity  of  winds  is  indicated  by  the  force  with  which  they  more,  t.  e., 
the  pressure  they  exerL  Some  anemometers  are  eonstmctod  so  as  to  exhibit  the 
amount  of  pressure  excited  by  a  wind  upon  a  plate  placed  perpendicular  to  its 
own  direction.  This  plate  may  be  supported  on  a  spiral  spring,  the  extent  of 
its  compression  indicating  the  force  of  the  wind.  Fig.  713  represents  a  aimple 
form  of  this  class  of  instruments.  Other 
anemometers  indicate  the  velocity  of  the 
wind  by  the  number  of  revolutions  given  "j 
to  a  fan -wheel  in  a  given  time.  Such  an 
one  is  Woltmann's  anemometer.  It  con- 
sists essentially  of  a  small  wind- mill,  to 
which  is  attached  an  index  marking  the 
number  of  revolutions  per  minute.     The 

stronger  the  wind,  the  greater  the  number  of  revolutions  made.  The 
data  for  ascertaining  correctly  with  this  instrument  the  velocitiea  of  winds  are 
easily  obtained  as  follows : — Nothing  more  is  necessary,  than  on  a  calm  day,  to 
travel  with  the  apparatus  on  a  carriage  or  rail  car,. observing  the  number  of  re- 
volutions made  in  going  any  known  distance  in  a  given  time.  The  effect  will 
be  the  same  as  if  the  air  was  in  motion.  A  table  is  then  oonstmcted,  iodii^tiBg 
the  velocity  of  a  wind  which  turns  the  vails  forty,  fifty,  sixty,  or  more  times  per 
minute. 

Anemometers  of  very  various  forms  have  been  designed.     No  one  yet  con- 
structed indicates  the  velocity  of  winds  with  absolute  precision. 

961.  The  velocity  of  'winda  varies  from  that  which  scarcely  moves 
a  leaf  to  that  which  overthrows  the  staunchest  oak. 


VELOCITY 

AND  POWER  OF  WINDS  (Smcaton). 

Telocity  of  the  wind. 
Miles  p«r  hour. 

Pprpendicniar  force  on  one 
flq.  fu  in  lbs.  avoirdupois. 

Oommon  appellatioo  oTsneh 
wind*. 

1 

•005 

Hardly  perceptible. 

4 

•079 
•123 

: 

.  Gentle  wind. 

14 
13 

•492 
1  107 

•  Pleasant  brisk  gale. 

20 
25 

1  968 
3-075 

■  Very  brisk. 

30 
35 

4-429 
6  027 

-  High  wind. 

40 

7-873 

Very  high. 

50 

12  300 

Storm. 

60 

17715 

Great  storm. 

80 

31  490 

Hurricane. 

100 

49200 

Violent  hurricane. 

Formulae. — The  following  formulas  for  determining  the  velocity  of 


yrtnOa  from  the  obterved  prmau 
tulile  given  above: — 

If  rrapre»aU  the  •elacil;  per  b 
an  ■  iquin  fo«t  of  luilkoa  ■(  right 
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have  been  deduced  fruin  Smeatoa'f 
Iq  mildi,  knd  P  reprcHDIs  Ihg  pnuot* 


=v^.. 


loti[jp«r.econd 
'ids  b;  SnUI),  lb< 


>  Bquure  foot  of  (oihee,  wbea  tbe  wind 

in  feet,  wimumpl;  by  S2S0  (tlia  namber  offtel 
Dnmbst  of  eMumU  in  vi  boBT,  aod  wb  han 


I 
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Windi  are  divided  into  three  olaucs,  vi».,  regular,  periodical  and 

962.  Begnlaj  ivlnda  are  those  which  blow  coDtiriuoualj  is  a  Dearlj 
eoastaot  dlrectioo,  aa  tlio  trade  wioda. 

Trade  nrinds  occur  iti  tlie  equatorial  regions,  on  both  sides  of  the 
equatiir  U>  abuul  3U°  of  latitude.  Those  in  the  northern  hemisphere 
bluwfrom  the  north-east  to  the  south-west ;  those  in  thesoulbem  hemi«> 
phere  from  (be  wutb-caat  to  tbe  nurtb-weat. 

Tbais  wtniti  tn  prudnirHl  bj  Ibe  unuqaBl  diilribatioD  of  best  npOD  tbe  anrfaa* 
of  iha  BVtti.  aiid  by  tha  rntatlan  of  tbe  e>rlb  on  iu  aiii.  Prom  the  Tcrtiol 
poiiliaD  nf  the  *aii,  tba  eqiuloriol  regiona  us  iDtcniel)'  beatad,  ibe  lemperalara 
^aduaJI;  dT    '   '  '  '  —      . 
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Uai  ma;  prodnoa  a  Ihoucand  addiei 

'Jti3.  Periodical  wlnda  are  IhiHte  nhiuh  blow  regularly  in  tbe  sai 

direucion.  at  the  same  i«n8i>n«  uf  the  year,  or  buum  of  tlie  day.     T 

e«ling  winds  of  tliis  clius  are  the  inoD8(>oni>,  nnJ  the  land  o 

tbe  nea  hreeiev. 


Tilt 


r  witbin 


layea 


and  fror 


;   thej   b 


lb*  d«»rU  of  A 

■will  wbich  It  n 


ta  bigb  Uiiip«r>Iun.  • 
■i«  .lODg  with  11.  Tbi 
and  iMlj,  kuil  rencbe 


n>pira,mi 


B  eiUDi  in  tea)|ier*lp 
<  Lba  land  darins  Ih> 
(«.,  Bowing  fiom  lb* 
il;  perceptible  bejood 


rogiuDi,  s  Ha  6>-«i(  dall;  ofiun  floHing  Ihim  Ibe 
daj ;  u  it  grarlmllj  lubiidn,  it  li  BUtoHdad  hj  *  !• 

Ibe  tboie;  id  otbera,  tbe;  exlsnd  Inland  for  nillea. 

The  causDB  uf  Iha  land  and  m  bneiu  nra  retj  apparent.     Daring  the  da?, 

aarroDading  oseaD.  Tbe  air,  aboie  tba  land.  Iweonat  beat«d,  and  tiki.  Ta 
«app1r  the  placs  of  [bat  irbicb  hai  riioa,  ^r  0<m  in  from  lbs  lea.  oonililating 

rodifttieo,  nblle  the  leuperaturo  of  tbe  Deem  it  aearoely  Bhan^ed.  In  niiiH- 
qaeam  of  this,  the  air  abors  the  land  becomeB  eooled,  and  Ibererore  more  danie, 
and  BowB  toward!  Ilia  water,  eonatituting  Ifao  lairil  tireeia.  At  the  lame  tine,  ia 
tbo  bigber  regiou)  of  tbu  atmuiphvre,  air  floiti  In  Irum  Ibo  les  la  the  land. 

961.  VaiiablB  winds  ore  ihnec  which  blow  aometioiea  in  one  direo- 
anutiier.  The  directioD  of  winds  in  inflaeii««J  bj 
«  the  nature  nod  furm  of  the  earface  of  the  earlh, 
the  proximity  of  larga  bodies  of  water.  &c.  Id  these  latitudes,  the  di- 
Teution  of  tbe  prevailing  niudH  is  from  tbe  north-west  tu  Ilie  souih-eaBt. 

905.  Oenerol  ditecUon  of  i^nda  In  tbe  btgber  latitudes. — In 
the  table  given  below,  the  relulive  fretguencj  of  different  winds  ii 
given.  The  total  number  <>f  winds  in  ench  oumitr;  ia  reprecented  If 
1000;  the  ligares  in  the  table  represent  their  relative  frequency. 
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Iriei  Ihars  i>  a  predomlusnce  of  Banlb-woit  winds,  wllb  tbe 
paia,  wbore  tlio  greater  proiwirtinn  an  Iram  Ibe  Dorlb.weat.  In 
bemlaphere  there  it  a  prtiliimliiuro  ut  wiuti'rijr  irlnda.  Tbb  it 
xt  thai  the  average  loogib  i>r  tbe  viiyiig«  Trvm  Stw  \«A  W 
^kel  la  but  23  ilajri,  while  that  nt  the  raltirn  voTase  i*  41.  Ia 
N  laLiLudea  tbo  aame  tiling  i>  obierrod.  Lieut.  Manrj  n'Oiatlir 
ra  there  are  tbree  limea  ai  man)'  wtilerl;  as  eaaicil;  vindt. 
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DOG.  PbjBlcal  piopQiUes  of  wJnda.^Wiuda  &re  b<)^,  iM,  dry, 
or  muist,  ucuonliDg  to  the  directum  froin  whiuh  thoj  cumu,  and  the 
kind  of  surface  uver  trhiuh  they  pass. 

If  they  cnme  over  the  tea,  from  luirer  latitudes,  thty  are  wnrin  ana 
H  the  laod,  and  from  the  nurlh,  the;  are  culd  and  dry. 
Our  Dorth-eaat  wioda  are  culd  and  moist,  becauae  tliej  uoiuD  fruiu  tht 
north,  over  the  Atlantic  Ocean.  South  wiods  ore  here  warm  and 
humid  :  north  winds  culd  and  dry. 

967.  Bot  'wlndi. — Over  the  deserts  of  Asia  and  Africa,  an  inteuseljr 
hut  wind  occasionally  prevails.  In  Arubiii,  it  ix  culled  limoon,  signi- 
fying  poisdnouH;  in  Egypt,  khaiiuin,  because  it  blowe  forty  days.  Id 
the  vreatern  port  of  the  Great  Desert,  and  in  Quinea,  it  bears  the  namo 
of  harmaHan. 

Tbe  soil  ot  thsBB  sounlriei  ia  nniformly  coTered  with  a  fine  reddllb  Bud, 
which  bucomtn  proiliglunsLy  heited  by  th«  lan'i  cajt.     Ai  Ibe  wind  punts  orai 


rapidit;  Onin   the  aurrace  ot  Ibe  ikia,  giTiDg  nae  to  the  grutaat  suSeriag. 
Whule  DU-msiii  hnte  buen  kDOHu  la  poruh,  the  prey  al  a  canBnming  tbirii. 

968.  HoniCBnes.  or  oycloDes,  are  terrific  etorma,  often  attended 
by  thunder  and  lightning ;  they  are  distinguished  from  every  other 
teinpeiit  by  their  extent,  their  power,  and  the  sudden  changes  in  their 
direction.  From  numerous  observations,  "it  appears  that  hurricane* 
are  storms  of  wind,  which  revolve  around  an  axis,  upright  or  inclined 
to  the  horizon,  while,  at  the  same  time,  the  body  of  the  atorm  has  a 
progresiiiTe  motion  over  the  surface  of  the  earth."  This  law  has  been 
established  by  Redfield  and  Reid.  Their  progrcBsive  velocity  varies 
from  ten  to  thirty  or  forty  niilea  per  hudr;  the  rotatory  velocity  is 
sometimes  as  much  as  a  hundred  miles  per  hour.  The  diomelor  of  * 
hurricane  in  from  a  hundred  to  five  hundred  miles,  though  sometimes, 
M  in  the  Cuban  hurricanes,  it  la  much  more. 

Tig.  714  shovB  th«  origin,  rotation,  and  genera!  «iario  of  burrlcanui  in  buth 
the  nortbem  and  loutbem  bemiiiiberm.     Theec  terrible  itoraie  hivs  ncvor  besn 


It  is  DOW  welt  Bscertaiaed  that,  in  both 
tiemitipheres,  the  air  in  a  cyclone  or  hi 

n  directioD  conlrsr;  ti>  thnt ' 
of  tho  GDurBB  of  the  bud.  Thus,  II 
northern  hemisphere,  the  course  of  Iho  sun  is  from  ihe  eaat  BToiliid  U> 
the  «outh,  th«n  tu  the  west  oad  north,  sod  the  movement  uf  tlie  «ir  in 
the  liurriunne  ia  in  the  opposite  direutiun ;  i.  e..  fcom  the  north,  b;  the 
wshI,  south,  Bud  east,  or  in  a  direction  contrary  to  the  rootion  of  the 
hands  of  a  wntoh.  lying  with  the  face  upward,  la  the  southern  heml- 
sphere,  the  course  of  the  sun  is  from  the  cast,  by  north,  west,  and  south, 
and  thnt  iif  tlie  cyclone  n  friiai  the  north,  by  en«t,  south,  and  west,  ur 
in  the  direction  of  the  hands  of  a  watch.  Kast  winds  we,  in  iKith 
hemiapberes,  chAroctoristic  of  u  uouimcncin^  hurricane  (i.  e.,  an  eart 
wiud  is  always  found  on  the  front  of  the  advancing  slorm,  at  shown  in 
the  figure) ;  while,  in  general,  west  winds  ocour  only  in  the  latter  part 
of  the  storm,  as  decreasing  winds :  hence,  in  the  oortliern  hvniisiibcrc 
the  moflt  dangerous  part  uf  a  hurricane  is  in  the  adrancing  border  of 
the  right  hand  semicircle,  or  about  tho  line  DD;  white,  in  the  wutli-. 
em  hciuinphere,  the  dangprous  limit,  D  D,  ie_  die  advancing  qiiadnuil 
of  the  left  hand  "wniicircle. 

The  effect  of  the  rotnry  movement  of  thn  hurricane  is  to  kocamulalo 
the  air  nround  its  outer  margin,  with  a  pressure  increasing  as  it  recedes 
from  the  centre ;  consequently,  the  barometer  is  lowest  at  ih*  middle 
of  a  storm,  and  highest  at  its  extremity.  The  barumetei  tecillatM 
before  and  during  a  burricane,  rising  and  falling  rapidly,  owii  g  to  tlie 
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inerjualily  of  the  preopiire  whieli  caufes  ihe  Btorni ;  »>  tlint: — Gi-eat 
barometTie  oneillaliona  generally  annmmce  Ihe  approach  of  a  lempesi. 

B;  careful  observKtino  of  the  barumeter,  the  uiDrioer  itntici|iaieii  Ihe 
■pprimch  of  a  hurric&ne,  ur  other  d&DgerouB  storm.  So,  aleu,  lij  uar^- 
ful  allKiitioti  to  the  course  of  ihe  Himlti.  nnd  Ihe  Failing  (tiroulmiiB, 
based  on  [I'c  rexeiirdieE  of  Itdlichl,  Heid,  and  Mnurj,  he  knovs  how 
1*1  SHil  out  of  the  track  of  a  hurrirane  after  it  has  cumaiBnced. 

9G9.  TotaadoBB  or  whirlwinds  are  dialingnixhed  from  hurricnr  ea, 
rhiufly  in  their  eitent  and  uoutiiiuiinL'e.  They  are  rarely  wore  tlian  a 
few  hundred  rods  in  breadth,  and  their  whole  track  is  seldom  more 
than  twenty-fire  miles  in  length.  The  continuance  of  tomadoei  is  hut 
a  few  leuonds  At  any  one  place.  They  are  uftentinicR  of  great  energy, 
uprooting  trees,  overturning  buildings,  and  destroying  uropH. 

970.  Water-sponta  differ  frora  whirlwiadx  in  no  otiier  respect  than 
that  water,  or  rafur  of  water,  is  suhjecled  to  their  action,  instead  of 
bodies  upon  the  surface  of  the  land. 

Water-apouti  flrat  sjipeir  m  nn  InTBtlinl  none,  eit«ndiBg  downwrnrd  from  a 
lark  Claud.  An  lbs  cuns  iipprD>cbc«  tlis  wnter,  the  UlTcr  bwomoi  njiiUitci),  tti« 
■pra;  ri»>  higher  and  higher,  aixl  finally,  hulh  uniling,  Ihore  is  furmii')  a  con- 
)f Duons  coIbdid  ttaa  ihe  oiuud  lo  the  water,  uausllj  benl  hb  in  Bg.  71s,  but  jomB. 
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971.  Oeneial  lawaolBtoTiiiB, — flreai  aloriuii,  in  terapcmte  clJniQteR, 
nre  g-ivenicd  by  general  liiw«.  premnllng  oinre  or  less  analog;  to  tha 
muvementa  iif  hurricuiieB,  As  a  geiieml  thin^^,  the  );rent  eloriuB  wbioh 
puss  oier  N<irlli  Amerii'-a  h*Te  no  coDneccion  wilh  the  Bturmn  of  Kurupe; 
ani)  the  alonnB  uf  bnth  catitinenU  &re  modifled  id  their'  course  and 
general  phenumenu  bj  tJie  ootiBgurut'ton  nnd  elevation  of  the  land. 

Great  aturmg  of  mm  and  snow,  and  also  lexner  HlorinB,  which  preTiul 
in  the  United  StnWi  from  Novemher  to  March,  are  gnvi'rned  hj  tio 
following  general  laws,  which  hate  been  condensed  from  the  rvst'srches 
of  ProfesBuri  Espy  (Boport*  W  L'niCed  Slates  Senate),  knd  Loorais 
(Smithwinian  Contributions,  1860). 

1.  Slornid  travel  from  the  region  of  ths  Hiasiwlppi  eastward  as  fai 
M  the  Ouir  of  St.  Lnwrenue,  and  disnppear  ia  the  Atlantic  Ocean. 

2.  Thej  are  acoiinipanied  with  a  depreiwion  of  the  barometer,  often 
amounting  to  an  inch  or  more  below  the  mean  height,  along  a  tine  of 
great  eiUnt  from  north  to  south,  the  line  being  curved  with  its  convexity 
eastward.  In  the  froDt  and  rear  of  the  storm,  there  is  a  rise  of  the 
barometer,  which,  in  some  places,  is  more  than  an  inch  above  the  mean. 

3.  Ureut  storms  travel  from  the  Missiseippi  to  the  CuoDecticut  River 
in  twenty-fonr  boura ;  and  from  the  Connectiuut  to  Newfoundland  in 
nearly  the  same  time,  or  about  thirlj-sii  miles  an  hi>ur;  though  some- 
liuies  they  appear  tu  remain  nearly  stationary  for  four  or  five  days. 

J.  The  area  covered  by  a.  storm  is  Dearly  circular,  often  of  great 
extent;  frequently  lOUO  miles  from  east  to  west,  and  2000  or  3000 
miles  from  north  to  siroth. 

5.  Fur  several  hundred  miles,  on  each  side  of  the  centre  of  ■  violent 
storm,  the  wind  iaulines  inwards  luwards  the  area  of  leut  pressure, 
and.  at  the  same  time,  it  circuliilea  around  the  centre  in  a  dircclinn 
contrary  to  the  motion  of  the  hands  of  a  wati-h.     Compare  {  968. 

G.  On  the  borders  of  the  storm,  near  the  line  of  mazimam  prmture, 
the  wind  has  but  little  force,  and  tends  outwards  from  the  line  of  great- 
est pressnre. 

7.  The  wind  unifonnly  l«nds  fi«m  nn  area  of  high  barometer  (uwnnl* 
an  area  of  low  barometer. 

8.  In  the  northern  parts  uf  the  United  States,  the  wind  gcnerallv.  in 
great  storms,  vets  in  from  the  north  of  east,  nnil  tcrmiiiaieu  frum  llie 
north  of  west ;  and  in  the  soulliurn  states,  the  wind  generally  sete  in 
from  the  south  of  east,  and  terminates  from  the  south  of  wen. 

9.  During  the  passage  of  storms,  the  wind  generally  veers  fram  lli< 
"■tward  around  by  tlio  south,  siid  then  towards  the  west. 


10.  Ill  a  grenl  atorm,  tliu  area  of  high  theriDumeler  rrequently  duel 
not  coiocide  with  the  area  uf  low  luiniiuKter,  or  with  the  centre  of  rain 
sod  80uvr.  But  in  the  Uoiled  Slates,  on  the  oorth-eiut  side  uf  »  storm, 
at  a  dielance  uf  &00  miles  fruin  the  areu  of  raiu  and  snow,  the  ther- 
■numeter  sometimes  rises  as  oiuuh  as  twaotj  degrees  nbofe  ite  nieao 
height. 

11.  la  Europe,  storms  tire  ofion  tnudiBed  and  cuatrulled  by  the  Alps 
of  Switzerland,  which  appear,  for  daja  together,  Ut  serve  as  the  centra 

Fur  Uie  connM^on  of  b«ton»tila  eh>nge«  will)  ebangea  of  maltin,  cm  Mo- 
tion 271 ;  nod  for  fullor  cliecuifionB  of  Ibe  tbgnr;  ■nd  Una  of  slonns,  aec  the 

Vurks  kJnwIj  rsfurred  to  aboTC.  itnd  slio  ij  SIS,  9(18. 

I  3.  Aqueocis  Pbenomena. 

972.  Hnmlditj  of  the  air. — Vapor  of  wal«r  i»  alwnys  uuDtained  in 
the  air.  This  may  be  demiinstruted  hy  placing  a  veneel  filled  with  ioe 
or  B  freeiing  niiiture  in  the  atuiosphcre ;  in  a  lillle  time  the  vapor 
frum  the  air  will  he  oundensed  on  the  walls  of  the  vessel,  in  the  form 
of  minute  drops  of  water. 

Air  i>  fid  to  b«  intH'-'itrif  iri'i*  maUtnrt,  wbon  it  oonlsini  li  moch  of  tbe 
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Table  XXI.,  Appcndiu,  shovrB  the  Height  of  aqtieoiia  vupor  in  a  cubio 
fuiit  of  saturuted  air,  at  temperatures  from  0°  to  100°  F. 

Abaatnte  humidity, — relative  tmnildity. — The  t«rni  ftbaolute 
humidity  of  the  air  has  rcfcrenoe  to  the  quantity  of  tu'ilslure  coDtwned 
in  a  given  volume.  Relative  humidity  refers  to  the  dampneu,  or  iu 
proximity  to  saturation  with  aqueous  vupor. 

Tbe  mbsolote  bumidil;  ia  grealeat  id  Iho  nqainuetisJ  r*Kions,  and  dimidiibM 

not  laiXy  known.     Tbe  abwiute  botuidity  ia  aJiD  greater  uo  ouaita  Lfaan  inlaBs, 
in  lominer  than  ia  winlei,  and  less  in  tbe  tnaming  thao  iLuut  midda;. 

RElarive  humidity  ii  dependent  upon  tbe  mulunl  iuBuoncr  of  ahtntulo  bumidi^ 
and  tanjieralan.  Thi  almospbsrB  ia  couai'lerud  dry  wbeu  water  rapidly  nvapo- 
ralaa,  or  a  wet  aobntance  quirkly  dries.  Tbe  «ipr«a>vn)  wet  and  dry  oanva; 
■iaplj  an  idea  of  Ibe  relative  buniidity  of  tbo  aunoapbore,  and  bai 
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nprcnol;  tor  ■  damp  ni 


.inn,  ud  a  drj  n 

>oUi  aBguluts  and  tsliaiTi 


Lbui  •(  iolujd  plac 


(tS2 

•OM  la  tba  ftbi 

bj  reiilng  Iti  t 

Neur  great 

9T3.  Hrgrometen  are  iriHtruiucnU  bj  which  the  humidit;  nf  ths 

atmoHpliure  ie  deUroiiDUil.     They  Are  of  cariouB  kinda.'mnd   ma;  1>* 
clastiified  as  fi)llo«8: — I'hBmical  fajgrometere.  abeorptiuD  hjgrumeun. 

coodeDtiatiDD  hygrameiers,  aud  psjohrometera. 

All  hrgroiebplii  anbtUocei  (rii.,  Ihote  ahich  have  an  afflnii;  Tor  water)  an 


chstoical  h^giometert.     Tbe  amonni  of  moiatora 

n  tba  air  it  dgtcnnined  ititb 

□t  eaislDm,  for  aiamplg,  >ed 

puling  a  lino^ti  volnmo  of  air  Ihroogh  it ;  th.  i 

creaaa  in  waigbl  of  tbe  tnh.v 

artgr  Ifae  "ipchmcnt,  indicalcn  tbc  ncight  of  tooii 

nra  prajtent  in  lb«  aii.     Tl>ii 

iLof  ei 
Bauuara's  byBrometei  depooda  upon  the  eliing&Eiiin  and  contrac- 

tiiiu  or  a  liair  liy  increase  or  diuiinjtioD  of  relative  humidity:  but  suvh 
instrumenlB  afford  no  maanB  of  opt'iirale  compnri»on. 

DbiiIbII'b  hygiametBT  depends  apon  the  condenuaiun  i>f  mniBluro 
by  meutiB  uf  artiGuial  oold. 

It  cDDBiila  of  a  gtsis  tnlK,  bent  l<ric«  M  rigbl  anglca,  baTing  a  bolb  at  eitbet 
citrcmilj.  The  bulb.  A,  fig,  716.  it  part);  filled  witb  atl 
the  ball  of  a  delicate  therm  am  etar,  enoliuad  in  tba 
■tern  of  the  ioxramont.  Tbe  tube  ii  Blled  wiib  U» 
rapar  of  etber.  the  air  having  been  driien  onU  Tba 
bulb,  B,  ii  eorend  with  fine  muelin.  Upon  tba  nip- 
poitlag  pillar,  a  lorond  Ihennauied^r  it  placed.  la 
order  la  delcnninc  tbe  dew  point,  or  hfgromelriD 

dropi  of  etber  are  allowBd  to  fall  upon  the  mHlin- 
colered  bulb,  eiaporation  of  Ibe  etber  UkeB  place. 


ithln.     In  conjsqaenpe  o 

thi«  effect,  tbo  etbe 

''"  ^Sm 

ij'^WnH 

eiaporalea,  oauslug  a  n 

ducUon  of  temperate 

",  -^m 

^Bv 

ndicaled  b;  the  iDlenal  Ih 

ermumeler.    At  a  eerb 

un    ^^« 

lure  begini  to  rorm  ii 

a  ring  of  daw  npnn  Iba  bulb 

.     The  dilTereuce  at  Ihii 

degreai  Indie 

•led  bj  tba  iwo 

hermemeteri,  ilon'ilex  the 

relatWe  bumiditj  of 

;  tbedrjertbe 

Angnsfa  psyctatometer  ot  bjrgioiuetei  of  evaporatioo  dopemU 

fur  its  aution  upuii  the  rapiditj  of  cvHporation  in  the  upen  air.  It  Min- 
Bislsof  two  siiniliir  IhErmometera,  (('.  plat-ed  side  by  side,  fig-TlT. 
supported  on  a  frame.  The  bu!b  uf  ('  U  covered  with  fine  mqsUn,  ihe 
lower  end  of  vriiich  dips  into  u  Hinall  vest>el,  v,  like  a  bird-glaas,  eon- 
taiiiiog  water;  bj  this  arrangeiuenl,  the  bulb  is  kept  coDtiiiuallj  laoitt. 
Evapuration  takes  pkue  from  the  inoinleued  bulb,  with  a  ntpidlty  vary- 
ing with  the  biimidlcy  >if  the  alinuHphere,  and  a  oarrBBpoiuliDEdeprwnoii 


in  the  tpinperalura  of  llie  UiBruiuuiuler  h  produced.  The  lijgr.Jim 
I  atUHiiif  tlie  aUniiNpliercisdeicrminei]  from  UieuLserveddifiereiiuein 
I  two  thermaiuetersb;  the  UHeuftitbleB  prepared  fur  the  purpiRe.    (JU 

mioffieat  and  Phj/tieal  TabUa,  SuiitbBuaiiiii  Colleution.)  717 


Tliis 


I 


C'>ndition  of  the  air  in  dwellings  healed  hy  different 
methods.  Obaervatiuna  with  this  inHtrumenI  ehnw  hiin- 
Diuuh  our  coinfiirt  and  health  depend  upon  prenerring 
the  proper  iiliile  of  huiniditj  or  dryness  in  our  dwellingH, 
or  in  the  Blck-rcmm. 

9T4.  FogB,  or  mlata,  are  visible  Tapors  that  float  in 
llie  (itinonphere,  oear  the  aurface  of  the  earth.  Foga  arc 
pniduceil  by  the  anion  of  a  liody  of  cool  air  with  one  that 
18  vrarnier  and  humid.  Many  philoeophers,  as  SauMure 
uid  Kralienstcia,  cunsider  that  the  globules  ur  vesicles  of 
which  a  fog  is  composed,  are  holluir,  the  water  serving  only 
as  an  envelope ;  it  is  probable  this  is  true,  in  some  cases ; 
there  are  probably  also  mixed  with  the  vesicles  many  mi- 
nute drops  contaiDLQi;  no  free  air.  According  10  Kaemlz, 
the  average  diameter  of  fug  globutee  does  not  exceed 
ri'si  "'*  '"  i"'^'''  Mnille,  of  Purin,  has  computed  thnt  It 
vuuld  require  200.000.000  fug  glubulea  to  make  a  •jn.p 
of  rain  |'«  of  an  inch  in  dinmeter. 

975.  De^r  is  the  moimuro  of  the  air  eondenoed 
eominp,  in  uonlact  with  bodies  cooler  than  itself.  The  temperature 
ftt  which  this  deposition  of  moisture  cummeDces,  iu  called  the  dew 
point  (<)T4j.  The  den  point  varies  according  to  the  hygrometric  state 
of  the  almoKphere ;  being  nearer  the  temperature  of  the  air,  the  more 
eooipletelv  the  air  is  saturated  with  moisture.  In  thin  climate,  in  sum- 
iner,  (be  dew  point  is  often  30°  or  more  below  the  temperature  of  the 
Atmosphere.     In  India,  it  has  been  known  to  be  as  muuh  as  61°. 

CaoBB  of  dew.— Dr.  Wells,  of  London  (born  in  South  Carolina), 
determioeii,  by  bis  res'^arcbes,  the  cause  of  dew.  It  may  be  given 
briefly  as  follows  : — During  the  day,  the  surface  of  the  earth  become* 
heated  by  the  sun,  and  the  air  is  warmed  by  it.  When  the  sun  goes 
down,  the  earth  continues  to  radiate  heat  without  receiving  any  in 
return,  and  thus  its  tempeniiure  diminishes.  The  air  loses  its  beat 
more  slowly,  and  is  cooled  only  when  it  comes  in  ctmtacl  with  th« 
■eooler  earth.    If  this  cooling  reaches  the  dew  point  of  the  air,  moietiire 

ciindenseil  in  llie  form  of  small  drops  upon  cold  objects  (good  radia- 

rs),  as  the  soil  ht  ve^elntion, 

Citctmutancee    inQnencing   the    production   of   Avw. — The 
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atnount  of  lew  depoailed  in  tt  givao  lime  depends  upiin  the  Iiumiditf, 
tranquilitj,  and  BSreoitj'  ol  tbe  air.  SiDL-e  dew  i«  [Le  moisiure  of  lot 
almcwphere  oondenaed,  it  is  evident  it  muet  be  affeoted  li;  tbe  aiouunt 
the  air  uuntoin*.  Un  a  wind;  night,  the  air  in  ooDtitct  vrilh  ould  olijecu 
U  so  quickly  nhangBd,  lliat  it  is  not  mioled  duwD  lu  llie  deir  poiut,  but 
geotle  agitation  uf  tho  &ir  favor*  the  productiun  of  dew,  bringiog  more 
inciist  sir  M  rurnisU  dew  to  cold  objecla.  The  moat  copious  depuBils  iif 
dew  lak«  place  on  cool,  ctear  nigbts.  Fur,  when  there  are  cloude,  these 
radiate  bacic  the  heat  whiuh  ha«  escaped  from  the  earth,  and  thae  pre- 
Tent  its  ouoliog,  and  therefore  no  dew  is  deposited.  If  the  otuuds  eepa- 
rale  oulj  fur  a  abort  time,  dew  is  ropidl;  deposited. 

Straw,  mats,  bunrda,  £c.,  used  tiy  gardeners  to  protect  delicate  plantf 
from  freezing,  aut  in  the  saiue  Diuuner  as  ulouds,  to  prevent  the  depotil 
of  dew  or  frost.     Sea  Fig.  7  IS. 

9Td.  SnbatauoM  upou  whioti  dew  falla. — Dew  does  not  tkll  opon 
all  aubslances  alike:  in  cunaequcnce  of  differences  in  radiating  ana 
oonduoting  power,  certain  subslaucea  cool  quicker  and  more  perfectly 
than  others.  The  dustj  road,  the  rooka,  and  barren  eoil,  cool  slowlj. 
receiving  heat  from  the  earth  h;  ounductioD,  and  therefore  on  iliem  but 
little  dew  falls.  Trees,  shrubs,  grassea,  and  Togetation  of  evmj  kind, 
radiate  heal  easily,  and,  un  account  of  their  peculiar  stractur«,  thej 
receiie  but  little  heat  from  the  earth,  or  other  objects,  bj  condn«tiun ; 
hence  thej  become  rapidlj  cooled,  and  abundance  of  dew  is  deposited 
upon  them. 

977.  FrcMt  is  frozen  dew.  When  the  temperature  of  the  earth  sinks 
in  the  night  to  the  freeiing  puiot,  the  aqueous  THpur  then  deposited 
oongeals  in  the  form  of  sparkling  orjstnla,  known  as  hnarfmsl.  Fig. 
7IS,  from  Stoeckhardt,  in  which  the  arrows  indicate  the  moTetneDta  of 


bent,  nnd  the  nuniern.l»  the  tempcmture  of  the  air,  will  render  (he  phe- 
nomena of  dew  and  froat  more  inteliipiUe. 

The  Hun's  rajs  in  winter,  may,  in  the  day,  wikrm  the  aoil  ta  53%  u 
ID  the  figure,  while  the  air  abore  the  ground  i*  30°.     At  nigli^  iba  ta- 
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ludked  sky,  will  reduce  the  temperolure  of  the  gruund 
;3°.  while  the  air  above  Ihc  kbiiii!  [i"ini«  is  4t>''  or  3V. 
But  &  cloud  resting  above  tlie  enrth  preTentx  rudiatioti,  nnd  reflmita  the 
heat  back  to  the  earth.  So  Jew  or  friiat  will  be  deposited  on  the  upper 
Burfnoe  of  a  ptittform  when  rndifition  takes  plnee  freely,  while  boards, 
like  the  cloud,  refleot  baek  the  heat  coming  from  the  ground. 

97S.  Clotida  are  masBBB  of  vtipor  that  Soat  in  the  upper  ret 
the  atmosphere.     They  are  distinguinhed  from  fogs  only  by  their  aid-    ' 
tude  ;  they  aiwnya  result  from  tho  partial  ooadensatiun  of  the  vapors    . 
that  rise  frooi  the  earth.     Ah  oloudo  often  float  io  regions  whose  tain- 
perature  is  ronny  degrees  below  the  freeiing  point,  they  ai 
no  doubt,  composed  of  frozen  partiules. 

Clouda  being  caudaDtcd  mgUtani,  »rs  heaiiot  tbui  the  ^r,  tni  bava  •  Mil-    ] 
dfOdj  to  Ul  to  Ibe  «n)i.    Thdjarekepliuapeudedialheiiir,  I.  Bj»K«uitiDg 

;■  during!  Ibe  daj,  the  inrmer  air  dUiolTing  Uio  duud  M  faat  u  it  Iklla    | 
!  more  eleiated  at  ulrjdaj'  than  In  the  mornii 
id  tdwards  lb«  euth  at  eveaini^ 
ratal  currvDls  alu  op|)ow  tb*  bll  of  aloud*.    The  minaM  vbi 
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lOflfa 


apoT  ii  cDmiiOilj 

pni-ipiUled. 

3.  The  re.i.t.Dce 

of  tbe  air  opposes  tbe  npid  deEmat  of  oloDdi.     This  n 

sitt- 

nee  Is  to  the  inrer 

tbls 

aiOD,  DDll>idBI*bI 

few 

undred  feet.     If, 

tbe 

no  of  minal*  ve 

clei  coDlBlnini?  air,  tbe  eipuniioD  of  tb.  enclo.cd  ■ 

r  bj 

at  wDuld  It  once 

Moount  for  tbobiioyimojorolimdei  for  tbey  would  Boa 

like 

inoreaM  Ibeir  buojraae;. 

070.  ClaaaiScation  of  clonda. — Clouds  are  f^euerally  divided  into 
four  great  claeses,  vix.;  the  nimbus,  the  evviului,  the  tlralui,  and  the 
eimit,  as  shown  in  the  diagram,  fig.  710. 

Intermediate  forms  of  clouds  are  distinguished  by  the  names  ofcirro- 
tlralui,  cimy-^imiiliia.  nticl  ciimulo-iitraliu. 

Tbe  oin-iu  (oirrua,  enrl)  uinaltr  reaemblee  a  diifaevotvd  lock  of  hair,  buiog 


■ttBakn  or  fiiatliory  fllamenM,  aaiuuing  a 

erj  varici,  of 

flgu™. 

The  oirru.  So 

atiatah 

gberelo-M 

OD  tbai.  other  claudi 

«.d  probabl. 
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tnow-flak 

OB.     It  ii  a 
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Tbe  cnmnl 
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ia  o» 
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nt  tfa* 
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in  tb* 
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.  most  por 
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en  to  little  rounded  r 

OIldiL 

Tho  (uniiil 

owe  tbe 
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^Uatljr,  but  i 

le»  than 

bat  of  (ho  cirri. 

Iba^mfu 

titratut. 

anwrfjiy)  c 

sitt*  of  ^«et«  of  elond,  or  Ujatt  ol  Tayof. 

ilm-lralMit  purUkat  uf  Uin  cliuui 
(ble  Tot  it<  length  uil  thiokneaa.  I 
b»il;  M  Diber  tines,  *■  oiitDpoH'l 
CdiduII.  heapvil  (ngvlhtir,  piuH  li 
coniUU  of  ft  boritonUl  itntain  al 
TbsM  oftoD  utamD,  M  the  borii 


fDddlHon    of   TOMIlfo 

Trum  >b<rh   rJM  ni 
uk  llnl,  mill  pus  I 


Tbs  uiM&iu,  ar  raJn-elond  (nimbni.  •lorm).  Tbii  bu  ■  chuiuiisHttia  *totm- 
likc  form  i  it  ij  diillnsuuhccl  rrum  olben  b;  iti  unirurn  pa;  or  blMckiih  lint, 
uid  iu  fldKBA  frla£«d  with  lighL 

IIHO.  Rain  la  tlio  vapor  of  cluads,  or  of  tbe  air,  prmipltnted  to  Iba 
enrih  in  drups.  KaiD  is  general);  producitd  b;  the  rapid  union  of  twu 
or  more  Tulumes  of  litimid  air,  diSering  oonniileraljlj  in  Ump«rfilure ; 
llie  BflTeral  portion",  when  inint;led.  being  incapahlc  of  nbiHtrliiDg  ihe 
Bnmo  nmount  of  moisture  that  aaeh  would  rettiin  if  thej  Imd  out  united. 
If  the  eiceas  in  greal.  it  fntlti  na  rain  ;  if  it  ia  of  »llglit  amouol.  il 
appeari  aa  rluud.  Tbe  productiim  nf  rain  in  the  reHDlt  of  Ihe  law,  tbnt 
tbe  capaeitj  of  air  for  moislare  decreases  in  a  liiglier  rslio  Ihnn  th* 
temperature. 

RaiK-gangr>. — InBtninicniH  for  determining  the  quantil;  itf  rain,  ar* 
•called  rain'gavga,  imibrometere,  tfi/tlumtlerii,  &v.     Tlin;   are  of  \vrj 


One  or  the  li 


o-B»"({P>  O"" 


d  witb  a  fto«t  i  tbi  ntin  Mling  ii 


ODppor. 


wl.  fhr- 


J  Ibg  Tuul,  tbe  floU  ibw.    Xha  turn   , 


.Ifljr  gr*l 


■led,  9 


AnolliDr  ritin -gauge 
*  cjJiniJrilat  >.-iip|«r  vmibI.  M,  doi 
lilu  *  Ibnniil,  Willi   an  npnrturi) 
wblcb  tb*  irator  puHU  luia  tbs  in 

fiilljr  grtdoiitod.  riis 


I,  ii  saally  mDUurud. 


ruiue  in  (bo  dsplfa  or  lli 


I 
I 


Fran  »  uriei  of  ciperioisnli  made  at  the  Smithioi 
tutltalioa.  nod  coDlfnuml  fur  levi-ral  jmsm,  it  ia  to 
that  a  amall  ojliDdrioal  gangc,  of  2  inchaa  in  diamsUr,  and  about  lix  Incfaca  in 
length,  cflDDaeled  nith  a  lube  of  half  tbo  diameler,  to  retun  aod  meaann  Iht 
■aMr,  giuM  Ibe  noat  aceurata  renolta.     Id  >tlll  wMlher.  it  iadieataa  the  *am< 

dumd,  bi  muoh  leaa  <n  prupiirtiim  ta  thu  dropa  at  water.  Tbii  gaaga  may  b* 
dill  rurlher  improTod  bf  cutting  a  bole  of  (be  aii:e  of  the  I'ytinder.  in  a  FtruD. 
derlDg  thia  to  tb«  cfiiodst 


r  rour 


981.  Distribution  ot  rain. — liain  ia  not  otjuall;  rlistriliuled  over 
Ihfl  Rurfnae  of  llie  e«rth.  As  a  gonprnl  rule,  it  mny  be  ilalcil  that,  llio 
liigher  the  aveiugo  tempemture  nf  u  ouuntrj,  tbe  greater  will  bo  the 
■Limiunl  of  rain  that  fnlls  upiin  it.  Lucal  caunen,  hiiwever,  prmjuoe 
romarkfthle  departures  frutn  tliia  ruie. 

In  lbs  iTopici,  the  avBrage  rearl;  rain  Fall  ia  ninelj-Dvo  inebet ;  in  Iba  leiap«. 
rata  luoa  it  li  Ibirlj-flve  Inchea.  Within  the  Iropiv*.  the  greaU^it  quanlilj'  of 
run  falla  when  the  bud  1b  at  <t<  leoith,  Ibat  ia,  in  tbo  ae»on  coirogponding  to 

In  rertain  rogiona  there  ia  a  pcriodieal  aeaion.  when  rain  ia  very  ahnndanl 
for  ail  maotha,  callad  tbe  rain^  aeaaan.     During  tha  reamiader  of  tbe  ;ear, 

Manj    regiona   are   dealilule   of  rnio.      In    Egjpl,    it  apareelj   arer  raina. 


Along  tbe  ooiut  af  Peru,  ii   a  Ion 
uue  parU  of  North  America  j  the 

atrip  of  la 
rain  oci:«r« 
Dlervals  bet« 

d  upon  whioh    ne  rain  ever 
on   tbo  eoBit  of  Africa,  and 
eon  the  thowcra  lieing  ali  or 

oven  yeara. 

In  Uniana  it  fiat  during  a  grea 
aerording  to  Daviaon,  at  tbo  Struta 
at  *S°),  there  ia  a  prorerbial  sajlng 

I  part  of  lb 
Df  Magellan 
Iba    it  rain 

le.r;  thia  ia  aliH.  the  eate, 
III  tbe  lalaod  of  Chiloe  (R. 
aia  daya  of  the  week,  and  i* 

:.  Days  of  nUn.^The  rniuj  days  are  mum  numen>ufl  in  high 
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In  the  nurlheTn  pnrt  of  the  United  States  there  nre,  iin  thi^  Krenigt 
ithaut  134  rnin;  dn,T«  in  the  jrcar ;  in  the  (nuthern  part,  nbiiut  103. 

083.  Annnal  dvptti  of  tain. — The  i^entesi  annual  deiiih  "f  rain 
uucan  at  Snn  Luim,  MHranhnm,  2W  iiicheo;  the  next  in  order  nra  Vera 
Cnii,  278;  Grenndu,  126;  Cupe  Francois,  120;  Calcutta,  »\;  Rome, 
S9 :  London,  25 ;  Dtleiihorg,  12'5.  In  our  oouiitrj,  the  annual  areraf^ 
fnll  1x39-23  inohex;  at  Uanover,  N.  II.,  38;  New  York  State.  3^ ;  Ohio, 
42  ;  Miwtouri,  38265. 

S84.  Snoiv  in  the  fnwen  moisture  that  defloends  from  the  atmosphere, 
when  the  Ieniperat4ire  of  tho  air  at  the  surface  of  the  enrth  is  near,  or 
belov,  the  freeiing  point.  The  Inrgetit  flakes  of  Bnon  are  (iniilui»)d 
when  the  atmosphere  ia  loaded  nilh  moisture,  and  the  tempfrnlure  uf 
theiur  is  about  32°;  as  the  cold  inereaxe?,  the  Rakes  hevmne  smaller. 
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985.  Colored  anow  is  mentioned  h;  Plinj.  It  ooi^urv  im>ler  twi 
very  different  circumsia Dues,— either  while  the  snow  ia  falling,  or  somi 
time  dfter  it«  descent. 
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Appeared  of  a  green  hue,  whenever  pressed  upon  by  the  foot.  Agassis  regards 
Uiese  colors  as  animal  products,  believing  them  to  be  the  ora  of  a  rotiferous 
animalcule.  The  more  common  belief  is,  that  (generally,  at  least)  these  hues 
are  owing  to  the  presence  of  a  certain  class  of  microscopic  plants,  the  different 
oolors  representing  different  stages  of  development  Martini  gives,  perhaps, 
tiie  correct  explanation  :  that  this  product  is  a  vegetable  cell,  enclosing  fluid,  in 
irhich  multitudes  of  infusoria  find  a  nidus  and  support. 

986.  Hail  is  the  moisture  of  the  air  frozen  into  globules  of  ice. 
Hail-stones  are  generally  pear-shaped ;  they  are  formed  of  alternate 
layers  of  ice  and  snow,  around  a  white,  snowy  nucleus.  It  is  necessary 
for  the  production  of  hail,  that  a  warm,  humid  body  of  air,  mingle 
with  another  so  extremely  cold,  that,  after  uniting,  the  temperature 
shall  be  below  the  freezing  point.  The  difficulty  of  explaining  the 
phenomena  of  hail-storms,  consists  in  accounting  for  this  great  degree 
of  cold. 

Hail-storms  are  most  frequent  in  temperate  climates.  They  rarely  occur  in 
the  tropics,  except  near  high  mountains,  whose  summits  are  above  the  snow- 
line. It  is  in  great  part  during  the  summer,  and  in  the  hottest  part  of  the  day, 
that  hail  falls.  Hail-storms  rarely  occur  at  night.  Hail-stones  are  often  of 
considerable  size ;  the  largest  are  frequently  an  aggregation  of  several  froien 
together.  Sleet  is  froien  rain;  it  occurs  only  in  cold  weather;  it  falls  only 
during  gales,  and  when  the  weather  is  variable. 

i  4.  Eleotrioal  Phenomena. 

987.  Free  electricity  of  air. — The  general  laws  of  atmospherio 
electricity  hate  been  considered  in  a  previous  paragraph  (861). 

It  is  common  to  refer  the  free  atmospheric  electricity  to  several 
caases,  always  at  work  on  the  earth's  surface,  as,  1.  Evaporation, 
especially  of  impure  water;  2.  Condensation;  3.  Vegetation  (945); 
4.  Combustion ;  and,  5.  Friction ;  without  doubt  these  are  all  causes 
of  electrical  excitement  in  the  air.  But  far  more  important  than  them 
all  is  the  powerful  inductive  influence  of  the  negatively  excited  earth 
upon  its  gaseous  envelope.  The  dense  air  near  the  earth's  surface 
is  like  the  dielectric  of  the  iEpinus  condenser,  and  the  constant  pre- 
sence of  positive  electricity  in  the  air  is  a  fact  not  explicable  on  any 
other  hypothesis  than  that  of  induction  from  the  negative  earth. 

In  addition  to  the  laws  already  announced  in  {  861,  may  be  added 
the  fact  that  atmospheric  electricity  is  more  abundant  in  summer  than 
in  winter. 

988.  Thander-Btorms  are  most  frequent  and  violent  in  the  equato- 
rial  regions.  They  decrease  in  frequency  towards  either  pole,  and  are 
more  frequent  in  the  summer  than  in  the  winter  months,  and  after  mid- 
day than  in  the  morning.  They  are  produced  in  the  same  manner  as 
ordinary  storms;  but  they  differ  from  them  in  their  local  character. 
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in  the  rapidity  and  extent  of  the  condensation  of  the  atmospheric  vapor^ 

and  in  the  accumulation  (*f  electricity. 

Thander-storms  aro  usually  attended  by  an  alteration  in  th«  direction  of  th« 
wind.  Of  one  hundred  and  sixteen  thunder-storms  recorded  in  Uie  Meteorulo- 
gical  Register  of  the  Connecticut  Academy,  ninety-nine  were  either  preceded  or 
followed  by  an  alteration  in  the  direction  of  the  wind. 

Thunder-storms  generally  prevail  in  the  lower  regions  of  the  atmo> 
sphere.  They  are,  however,  not  unfreqnently  observed  at  great  eleva^ 
tions.  Kaeratz  notices  one  on  the  mountains  of  SwitzerUnd  which 
nme  to  the  height  of  more  than  10.000  feet. 

The  geographical  diBtribation  of  thunder-storms  has  been  lately 
discussed  by  Prof.  Loomis  (Am.  Jour.  Sci.  [2]  XXX.  94),  whose  results 
confirm  the  general  statement  already  made  with  reference  to  latitude, 
thus : — 


Between  latitude    0°  and  latitude  30°  1 
u  u        30       it        u        50 

u  it        50       tt         u         go 

it  tt        go       "         "         70 

Beyond        "        70 


The  average  number 
of  thunder-storms  •< 
annually  is 


51-6 
19-9 
14-9 

4- 

0- 


Maury's  storm  and  rain  charts,  however,  show  that  the  frequency 
of  lightning  depends  on  other  circumstances  than  simply  latitude,  since 
throughout  the  western  half  of  the  Atlantic  Ocean  lightning  is  three 
times  as  frequent  as  over  the  eastern  half  of  that  ocean,  and  two  and  a 
half  times  as  frequent  in  the  North  Atlantic  as  in  the  South  Atlantic 

The  origin  of  thander-clonda  appears,  by  both  theory  and  obser. 
vation  to  be  due,  in  this  country,  to  the  rushing  up  of  the  lighter  air 
to  restore  the  normal  equilibrium  of  the  atmosphere,  which  had  been 
disturbed  or  rendered  unstable  by  the  gradual  introduction,  next  to 
the  ground,  of  a  stratum  of  warm  and  moist  air.  The  upper  end  of 
such  an  ascending  column  of  air,  on  the  principle  of  Peltier  (861). 
must  be  negatively  electrized,  as  its  lower  end  receives  positive  induc- 
tion from  the  negative  earth.  As,  by  the  principles  established  by 
Espy,  the  excess  of  watery  vapor  in  such  a  cloud  will  be  precipitated 
as  it  rises,  it  follows,  that  the  ascending  column  becomes  a  conduc- 
tor, and  a  series  of  electrical  discharges  will  take  place  between  the 
upper  and  lower  parts  of  the  cloud.  The  hour-glass  form,  which  the 
aeronaut  Wise  asserts  is  the  shape  of  a  thunder-cloud,  when  seen  from 
one  side,  in  a  balloon,  confirms  this  view.  (Consult  Professor  Henry's 
paper  on  Meteorology,  in  the  Report  of  the  Patent  Office  for  1859, 
Agriculture. ) 

989.  Thunder. — As  lightning  passes  through  the  air  with  amazing 
velocity,  it  violently  displaces  it,  leaving  void  a  space  into  which  the  air 
ri'shes  with  a  loud  report ;  this  is  thunder. 
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The  rolling  of  thunder  i»  generally  asorihed  to  the  rererberation  of  the  sound 
firom  elouda  and  adjacent  monntains.  It  is  also  considered  that  as  the  lightning 
darts  to  a  great  distance  with  immense  rolocity.  thunder  must  be  produced  at 
every  point  along  its  course,  and  the  sounds  not  reaching  the  ear  at  the  same 
time  that  elapses  between  lightning  and  its  thunder,  we  are  enabled  to  calculate 
the  distance  of  the  former.  According  to  Mr.  Eamshaw,  the  sound  of  a  thunder 
elap  is  propagated  with  much  greater  velocity  than  ordinary  sounds.  See 
Appendix,  p.  668. 

990.  Lightning. — It  has  already  been  stated,  that  air  subjected  to 
oampression  emits  a  spark.  The  production  of  lightning  is  by  some 
attributed  to  the  energetic  condensation  of  the  atmosphere  before  the 
electric  fluid,  in  its  rapid  progress  from  point  to  point.  When  lightning 
is  emitted  near  the  earth,  the  flashes  are  of  a  brilliant  white  color ;  when 
the  storm  is  higher,  and  therefore  in  a  rarefied  atmosphere,  their  color 
approaches  to  yiolet.  Clouds  appear  to  collect  and  retain  electricity. 
When  a  cloud  overcharged  with  electricity  approaches  another  less 
charged,  the  electric  fluid  rushes  from  the  former  to  the  latter.  In  the 
same  manner  the  electric  fluid  may  pass  from  the  clouds  to  the  earth. 
In  such  cases,  elevated  objects,  as  trees,  high  buildings,  church  steeples, 
Ac.,  often  govern  its  direction.  It  is  unnecessary  to  dwell  upon  the 
powerful  and  destructive  effects  of  lightning. 

991.  ClasseB  of  lightning. — Lightning  has  been  divided  by  Arago 
into  three  classes,  viz. :  zigzag  or  chain  lightning,  sheet  lightning,  and 
ball  lightning.  We  may  add  heat  lightning  and  volcanic  lightning.  This 
classification  is  convenient,  and  is  universally  adopted. 

Zigzag  or  chain  lightning  is  supposed  to  owe  its  form  to  the  resistance 
of  the  air  compressed  before  it.  The  lightning  takes  the  path  of  least  resist- 
ance; then  moves  forward  until  it  meets  with  a  like  opposition,  and  so  continues 
glancing  from  side  to  side  until  it  meets  the  object  it  seeks.  Sometimes  the 
flashes  divide  into  two,  and  sometimes  into  three  branches;  it  is  then  called 
forked  lightning. 

Sheet  lightning  appears  during  a  storm  as  a  diffuse  glow  of  light  illumi- 
nating the  borders  of  the  clouds,  and  occasionally  breaking  out  from  the  central 
part. 

Heat  lightning  as  it  is  called,  appears  often  in  serene  weather  during 
inmmer,  near  the  horizon  ,*  it  is  generally,  if  not  always,  unattended  with 
thunder;  heat  lightning  is  the  reflection  in  the  atmosphere  of  lightning  very 
remote,  or  not  distinctly  visible.  By  many,  this  phenomenon  is  supposed  to  he 
occasioned  by  the  feeble  play  of  electricity  when  the  air  is  rarefied,  and  the 
pressure  upon  the  clouds  is  so  much  diminished  that  the  electric  fluid  cannot 
accumulate  upon  their  surface  beyond  a  certain  point,  and  escapes  in  noidelesf 
flashes  to  the  earth. 

Ball  lightning  appears  in  the  form  of  globular  masses,  sometimes  remain- 
ing stationary,  often  moving  slowly,  and  which  in  a  little  time  explode  with  great 
violence.     This  form  of  lightning  is  of  very  rare  occurrence,  and  philosophers 
have  not  as  yet  been  able  to  account  for  it. 
6b* 
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Voloanio  lightning. — The  clouds  of  daity  asbM,  and  rapor,  that  iaiiic 
from  active  rolcanoes,  are  often  the  toene  of  terrific  lightning  and  thundw. 
Volcanic  lightning  is  probably  caused  by  rapid  condensation  of  tbe  raat  Tolamet 
of  heated  vapor  thrown  into  the  air. 

The  rapidity  of  lightning  of  the  first  two  classes  is  probably  not  Ie«a 
than  two  hundred  and  fifty  thousand  miles  per  second.  Arago  has 
demonstrated  that  the  duration  of  a  flash  of  lightning  does  not  exceed 
the  millionth  part  of  a  second.  The  waving  trees  illuminated  at  night 
by  a  single  flash  of  lightning  during  a  storm  appear  motionless ;  the 
duration  of  the  flash  is  so  short,  that,  during  its  continuance,  the  trees 
have  not  sensibly  moved. 

99*2.  Return  stroke. — When  a  highly  charged  thunder-cloud  ap- 
proaches the  earth,  it  induces  the  opposite  kind  of  electricity  upon  the 
ground  below,  and  repels  that  of  the  same  kind.  If  the  cloud  is 
extended,  and  comes  within  striking  distance  of  the  earth,  or  of 
another  cloud,  a  flash  at  one  extremity  is  often  followed  by  a  flash 
at  the  other.  This  latter  is  called  the  return  stroke,  and  sometimes 
is  of  such  violence  as  to  prove  fatal,  even  at  a  distance  of  several  miles 
from  the  point  of  the  first  discharge. 

993.  Lightning-roda  were  first  introduced  by  Dr.  Franklin.  He 
was  induced  to  recommend  their  adoption  as  a  means  of  protection  to 
buildings,  from  the  effects  of  lightning,  by  observing  that  electricity 
could  be  quietly  and  gradually  withdrawn  from  an  excited  surface  by 
means  of  a  good  conductor,  pointed  at  its  extremity  (826). 

Lightning-rods  are  ordinarily  made  of  wrought  iron ;  but  copper  is  prefera- 
ble, being  a  better  conductor  of  electricity,  and  less  easily  corroded.  The  sixe 
of  the  rod,  if  of  iron,  should  not  be  less  than  three-quarter  inch  in  diameter. 
The  upper  extremity  of  the  rod  should  be  pointed.  Three  points  is  the  osnal 
number  used  in  the  United  States,  but  one  is  sufficienL  The  points  should  be 
tipped  with  silver,  gold,  or  platinum,  or  copper  gilded  by  electricity;  these 
metals  being  unaffected  by  the  air,  which  would  corrode  the  copper  or  iron,  aad 
render  them  poorer  conductors.  The  rod  should  be  continuous  froin  top  to 
bottom,  and  securely  fastened  to  the  building.  Qlass  or  wooden  insulators  are 
often  recommended,  but  when  once  wot  by  a  shower,  there  is  but  little  advantage 
in  them  over  metallic  supports.  When  there  are  surfkees  of  metal  about  the 
building,  as  gutters,  pipes,  Ac,  these  should  be  connected  with  the  eondnctor  by 
strips  of  metal,  as  first  recommeoded  by  Prof.  Henry.  The  lower  part  of  the 
rod,  where  it  enters  the  ground,  should  be  divided  into  two  or  three  branohee, 
and  bent  away  from  the  building,  penetrating  so  far  below  the  surface  of  Uie 
earth  as  to  reach  water,  or  permanently  moist  soil.  Charcoal  is  recommended 
to  fill  the  hole  in  the  centre  as  a  means  of  effecting  a  letter  conduction.  In  a 
church,  in  New  Haven,  the  lightning  has  twice  penetrated  a  twenty  inch  brick 
wall  at  a  point  opposite  a  gas-pipe,  20  feet  above  the  earth,  through  which  the 
discharge  has  escaped  to  the  earth,  although  the  conductor  of  three-quarter  inch 
iron  was  well  mounted,  but  its  connection  with  the  earth  was  less  perfect  thai 
that  of  the  gas-pipe. 
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Prot  active  poorer. — According  to  Mr.  Charles,  a  lightning-rod  pro- 
tects a  space  around  it,  whose  radius  is  equal  to  twice  its  height  above 
the  building.  Thus,  if  a  conductor  extend  ten  feet  above  the  house,  it 
affords  protection  to  a  circular  space  forty  feet  in  diameter,  the  rod 
baiog  in  the  centre. 

Condaoton  do  not  attract  the  lightning  toward  the  bnilding  upon  which  they 
are  placed.  They  simply  direct  the  coane  and  facilitate  the  passage  of  tbe 
electrieity  to  the  earth,  which  otherwise  might  have  been  elTected  in  a  powerful 
and  destmetive  discharge  tbrongh  the  bnilding.  It  is  indeed  considered  by 
Arago,  that  "  lightoing-rode  not  only  render  strokes  of  lightning  inoffensive, 
but  oonfeiderably  diminish  the  chance  of  their  being  stmek  at  all." 

994.  Aurora  borealis. — Under  this  name  are  comprised  the  luminous 
phenomena  seen  frequently  in  the  northern  sky;  and  also,  although 
more  rarely,  in  the  neighborhood  of  the  south  pole ;  they  are  then  called 
aamra  auHralia.  They  present,  when  in  full  display,  a  spectacle  of 
surpassing  splendor  and  beauty.  The  cause  of  the  aurora  borealis  is  yet 
involved  in  obscurity.  Although  it  is,  evidently,  intimately  oonnected 
with  terrestrial  magnetic  electricity,  it  is  impossible  at  present  to  say 
exactly  what  this  connection  is.  It  has  been  ascribed  to  the  passage 
of  electrical  currents  tbroagh  the  upper  regions  of  Che  atmosphere,  the 
different  colors  being  manifested  by  the  passage  of  the  electricity 
through  air  of  different  densities. 

Appearance  of  anroraa. — Before  the  aurora  appears,  the  sky  in  the 
northern  hemisphere  usually  assumes  a  darkish  hue,  which  gradually 
deepens,  until  a  circular  segment  of  greater  or  less  size  is  formed.  This 
dark  segment  is  bounded  by  a  luminous  arc,  of  a  brilliant  white  color, 
approaching  to  blue. 

The  lower  edge  of  this  arc  is  clearly  defined ;  its  upper  edge  gradually  blends 
with  the  sky.  When  this  luminous  arc  is  formed,  it  frequently  remains  visible 
for  many  hours,  but  it  is  always  in  motion.  It  rises,  (alls,  and  breaks  in 
various  places.  Clouds  of  light  are  suddenly  disengaged,  separating  into  rays, 
which  stream  upwards  like  tongues  of  fire,  moving  backwards  and  forwards. 
When  the  luminous  rays  are  numerous,  and  their  palpitating  lights  pass  to  the 
lenitb,  they  form  a  brilliant  mass  of  light,  called  the  corona  or  crown,  whose 
eeotre  is  Uie  point  towards  which  the  dipping-needle  at  the  place  is  directed. 
The  aurora  is  then  seen  in  its  greatest  splendor ;  the  sky  resembles  a  fiery  dome, 
supported  by  waving  columns  of  different  colors.  When  the  rays  are  darted 
lees  visibly,  tbe  aurora  soon  disappears,  the  lights  momentarily  increarte,  then 
diminish,  and  finally  disappear.  It  is  asserted  that  sounds,  like  the  rustling  of 
silk,  often  accompany  the  display  of  auroras,  but  this  is  extremely  problemati- 
cal ;  the  most  celebrated  polar  navigators  never  heard  any  noises  which  they 
could  certainly  ascribe  to  the  auroras. 

995.  Remarkable  anroraa. — The  aurora  is  not  a  local  phenomenon ; 
it  is  often  seen  simultaneously  in  places  far  apart,  as  in  Europe  and 
America. 
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ifUgmtiuD.     (Am.  Jv 


>  of  Augntt  2Sth  to  Sep- 
vhLcb  il  WH  tttB.  for  1U 

9  illumuuttoti, 


mg.  30°  35'  B.  tu  Sao  Fran 
1S20  W.  long.,  and  u  Tar  loutb  lu  Cuba.  It  t«tak: 
preVniliDg  red  hug,  miatskeD  in  mui;  placn  Tor  i 
ScL  [2]  VIL  201.) 

Morn  remarkB.ble  Ihnn  all.  ha»eTBr.  ii«  the  si: 
tambcr  4tb,  135B,  for  Ibe  great  silcDl  of  Urritury  ( 
long  iln  rati  on,  and  for  Ibe  brill  iannj  ofilinolorJj,  tho  jnleniilj  of  il; 
ftad  Ibe  rapidlt)'  of  il<  ehangKt.     Il  irai  equally  rcmarliablB  Rir  tbs  accampaDj'' 
Ing  magnetic  diiturbanceB.  reoorded  not  only  by  tbe  uaual  magoelio  iDslnnmUi 
but  river  tbe  vbole  (yatein  uf  telegrapb  wlrea  bolb   in  America  and  Ebioik. 

v.,  and  ea>t  ai  far  as  Banaul,  Rauia,  Long.  83°  17'  S  .  a  ciTcnil  or  240°  abegl 
thn  eartb.  Tbe  obHorratioDa  aeem  lo  Justify  Ihe  infereooe  tbal  it  wh  a*  liiid 
In  the  eoutbern  as  in  tbe  northern  bemxetihere.  Il  waa  aeen  off  Ca|H  Horn  asd 
tn  Auilralia.  in  the  aoulhem  hemiipbere,  up  lo  CoDMpeian.  Chili  <1bL  St'  W  S.), 
and  nnat  about  lal.  60°  N  ,  In  North  America,  to  ^an  Salvador  in  IS"  If  N. 
For  fi.ll  detail!!  of  lhi«  aurora,  aee  Am.  Jonr.  Sei.  [I]  Vola.  XXVIII.,  XXIS., 
and  XXX. 

99G.  Height  of  auxotaa. — ^Mun;  astronomers  faave  ondearored  to 
determine  tlie  lieigljl  uf  uurorn.a,  but  the  results  of  llielr  catculatiim* 
ftre  nut  uerUin.  Earlier  fhilusiiphers  coniputei)  their  altitude  at  HCTeral 
hundred  milea ;  a,  luwer  limit  is  asaigned  bj  later  observer*.  A  l>ril- 
Uant  auroral  arch  woa  obaerred  ia  the  Narthera  and  Middle  StaUa, 
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April  7th,  1847;  from  the  observations  made  at  Hartford  and  New 
Uaveo,  Cono.,  its  height  was  computed  by  Mr.  £.  C.  Herrick,  of  the 
latter  place,  to  be  nearly  one  hundred  and  ten  miles.  Another,  seen 
April  29th,  1859,  is  by  the  same  observer  estimated  approximately  at 
much  over  100  miles  in  height.    (Am.  Jour.  Sci.  [2]  XXYIIl.  154.) 

Prof.  Loomis  calculates  the  height  of  the  base  of  the  auroral  curtain, 
August  28th,  1849,  as  about  forty  miles,  but  the  same  observer  esti- 
mates the  height  of  the  belts  of  this  aurora  in  other  places  as  over  one 
hundred  and  fifty  miles. 

Froqnenoy  of  auroras. — Auroras  are  perhaps  rather  more  fro- 
qaently  seen  in  winter  than  in  summer ;  but  this  circumstance  does 
not  indicate  that  during  the  former  season  there  are  actually  a  greater 
namber,  for  the  increased  length  of  night  would  render  a  greater  num- 
ber visible,  even  if  they  were  equally  distributed  throughout  the  year. 
Daring  the  summer  of  1860,  auroras  have  been  uncommonly  frequent 
in  the  N.  United  States.  About  the  period  of  the  equinoxes  they  appear 
to  be  more  frequent  than  at  other  times.* 

la  addition  to  the  annaal  period,  there  appears  to  be  another,  a  seonlar  period, 
eztanding  through  a  number  of  years.  One  of  these  periods  was  comprised  be- 
tween 1717  and  1790 ;  its  maximum  was  obtained  in  1752.  An  increase  in  the 
frequency  of  auroras  began  again  in  1820.  Prof.  Olmsted,  in  an  important  paper 
on  this  subject,  in  the  Contrib.  of  Smithson.  Inst.,  vol.  8,  selects  one  of  these 
seenlar  periods  between  August  27th,  1827,  and  November,  1848,  or  a  little  later. 
The  number  of  auroras,  observed  for  a  period  of  about  sixteen  years,  at  New 
Haven,  by  Mr.  E.  C.  Uerrick,  is  given  in  the  following  table : — 

AURORAS  OBSERVED   AT   NEW    HAVEN    DURING   SIXTEEN   TEARS. 


Number  of  auroras. 

Number  of 

auroras. 

AprU  1837  to  AprU  1838, 

42 

April  1845  to  April  1846, 

21 

"  18.38  "   "   1839, 

34 

"  1846  "   "   1847, 

25 

«  1839  «   "   1840, 

43 

u    1847  "   "   1848, 

30 

"  1840  "   «   1841, 

48 

"  1848  "   "   1849, 

42 

«  1841  "   "   1842, 

29 

«  1849  "   "   1850, 

18 

"  1842  "   "   1843, 

9 

"  1850  "  March  1851, 

15 

"  1843  «   "   1844, 

7 

Oct.  1851  "  Oct  1852, 

33 

"  1844  "      "   1845, 

10 

"  1852  "   "   1853, 

24 

997.  Oeographioal  diBtribation  of  auroras. — Prof.  Loomis  has 
lately  (Am.  Jour.  Sci.  [2],  XXX.,  89)  published  a  chart  showing  the 
distribution  of  auroras  in  the  northern  hemisphere.  He  shows  from  a 
tabular  comparison  of  recorded  observations,  that  near  the  parallel  of 
40*^  N.,  on  the  meridian  of  Washington,  there  are  only  10  auroras 
annually ;  nearly  42°  N.,  the  average  is  20  annually ;  near  45°  it  is 


*  See  a  paper  ^n  Huxham's  Observations  (Am.  Joar.  Sci.  [1],  XXXIII.,  301 ), 
sbowiug  that  the  A.  B.  is  as  abundant  in  summer  as  in  winter. 
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40 ;  and  near  the  parallel  of  50^  it  is  ^C  .....4..j .  Between  this  and 
the  parallel  of  62**,  auroras  are  seen  almost  every  night,  appearing 
high  in  the  heavens,  and  as  often  to  the  south  as  to  the  north.  Above 
62®  they  are  seldom  seen,  except  in  the  south,  and  from  this  point  they 
diminish  in  frequency  and  brilliancy  as  we  advance  towards  the  poleu 
On  the  meridian  of  St.  Petersburg  a  similar  comparison  |^ves  a  like 
result,  except  that  the  auroral  region  is  situated  further  north  than  it 
is  in  America,  the  lone  of  80  auroras  annually  being  from  66®  to  75®  N. 
Prof.  Loomis's  chart  (loc.  ciL)  shows  that  the  region  of  greatest  auroral 
activity  is  an  elliptical  belt,  having  one  focus  near  the  north  pole,  and 
the  other  near  the  pole  of  magnetism,  and  whose  major  axis  crosses  the 
meridian  of  Washington,  near  lat.  56®,  and  the  meridian  of  St.  Peters- 
burgh,  in  lat.  71®.  Accordingly,  auroras  are  more  frequent  in  the 
United  States  than  in  the  same  latitudes  of  Europe.  Thus,  on  the  line 
of  50®,  we  find  in  North  America  40  auroras  annually,  but  in  Europe 
less  than  10  on  the  same  parallel. 

998.  Magnetic  diaturbances  during  auroral  displays. — During 
the  prevalence  of  auroras,  all  the  magnetic  elements  show  great  dis- 
turbance, simultaneously,  at  the  most  distant  stations.  This  statement 
is  confirmed  by  comparing  the  observations  at  Toronto,  Canada  West, 
lat.  43®  59'  Sy^  N.,  long.  79®  2P  30'^  W.,  with  those  at  St.  Petersburgh, 
Russia,  lat.  59®  56'  30''  N.,  Ion.  30®  19'  E.,  on  the  2d  and  3d  of  Sep- 
tember, 1859,  during  the  great  aurora  already  described,  when,  on 
several  occasions,  the  magnets  in  the  several  instruments  oscillated 
completely  beyond  their  scales— equal  to  a  total  deflection  of  over  5}® 
of  arc.     (Am.  Jour.  Sci.  [2],  XXVIII.,  390,  and  XXX.,  80.) 

The  magnetic  oscillations  sympathize  with  the  auroral  streamers ; 
when  the  arc  is  quiet,  the  needle  rests.  During  the  grand  aurora  of 
November  14,  1837,  the  range  uf  oncillation,  as  observed  at  New  Haven 
by  Messrs.  Ilerrick  and  Haile,  was  6°. 

999.  Effect  of  the  aurora  on  telegraphic  ^irires. — This  phenome* 
non,  already  alluded  to  (994),  is  entirely  distinct  from  the  induction 
of  static  electricity  during  thunder-storms  from  the  atmosphere  (860). 
During  the  aurora  of  August-September,  1859,  several  of  the  telegraphic 
lines  in  the  United  States  were  worked,  for  hours  together,  entirely  by 
the  magnetic  current  induced  from  the  aurora,  the  batteries  being 
detached.  Chemical  decompositions,  and  powerful  heating  and  lumi- 
nous effects,  have  been  often  observed  from  the  currents  induced  during 
auroral  disturbances.  These  facts  were  first  noticed  by  Mr.  Q.  B. 
Prescott,  at  New  Haven,  in  1847.  In  Europe,  during  the  great  aurora 
of  1859,  the  same  disturbances  of  the  telegraphic  lines  were  observed 
as  in  this  country. 
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While  all  the  lines  were  more  or  less  affected,  whatever  their  iirec- 
tion,  it  appears  that  the  disturbances  were  more  marked  on  the  north 
and  south  going  lines,  than  on  those  going  east  and  west:  and  in 
Tuscany,  Prof.  Matteucci  observed,  that  where  there  were  several  par- 
allel lines,  one  above  the  other,  the  upper  wires  were  most  affected, 
and  those  nearest  the  earth,  least ;  and  that  the  inductive  effects  were 
stronger  on  the  longest  lines. 

1000.  Reversal  of  polarity  in  the  auroral  oorrent. — Mr.  Prescott 
first  determined,  by  observation  on  the  aurora  of  July  19,  1852,  that 
the  auroral  current  invariably  changes  its  polarity  with  every  wave. 
First,  a  positive  current,  producing,  on  Bain's  system,  a  deep  blue 
mark,  light  at  first,  and  then  stronger,  until,  having  attained  the  inten- 
sity of  at  least  200  Grove's  cups,  it  subsided,  and  was  followed  by  a 
current  of  reverse  polarity,  which  bleached  instead  of  coloring  the 
paper.  Sometimes  a  flame  of  fire  followed  the  steel  stylus,  and  burned 
through  a  dozen  thicknesses  of  the  prepared  paper.  Free  or  atmo- 
spheric electricity,  when  it  is  induced  on  the  telegraph  wires,  produces 
no  color  on  the  paper.     (Am.  Jour.  Sci.  [2],  XXIX.,  92  and  391.) 


Problema  on  Electricity. 

243.  Compare  the  force  of  electricity  on  two  similar  balls,  of  which  one  repels 
the  needle  of  the  torsion  electrometer  45°  and  the  other  100°. 

244.  The  extreme  plates  of  a  voltaic  battery,  being  placed  in  contact,  there 
was  no  exterior  resistance,  and  the  electro-motive  force  manifested  by  the  evo- 
Intion  of  hydrogen  was  reckoned  as  unity,  or,  J^  =  1,  r  =  1,  J  881.  A  pair 
of  electrodes  having  then  been  united  to  the  poles,  and  the  bath  arranged  for 
electro  typing,  the  gas  evolved  was  found  to  be  only  one-twentieth  as  much  as 
before.  Calculate  the  relative  value  of  r  and  L,  and  also  the  intensity  of  the 
battery. 

245.  In  the  case  of  a  Voltaic  battery,  so  constructed  that,  when  in  use,  the 
exterior  resistance  L  is  equal  to  nineteen  times  the  resistance  of  the  battery  r, 
what  would  be  the  effect  of  doubling,  trebling,  and  quadrupling  the  dimensions 
of  all  the  plates  in  the  battery  ? 

246.  With  the  same  conditions  as  in  the  preceding  case,  L  =  19r,  how  would 
the  intensity  of  the  current  be  changed  by  doubling  the  number  of  couples  in 
the  battery  ? 

247.  In  a  battery  in  which  L  =  r,  or  the  external  resistance  is  equal  te  the 
resistance  of  the  battery,  how  will  the  intensity  vary  by  doubling  the  number 
of  couples  of  the  same  dimensions  in  the  battery  ? 

248.  When  L  =  4r,  what  advantage  would  be  gained  by  uniting  two  similai 
batteries  in  a  single  series  ? 

249.  If  in  the  use  of  a  Voltaic  battery  of  100  pairs  of  plates,  arranged  in  t 
series,  the  exterior  resistance,  L,  is  found  to  be  six  times  the  resistance  of  the 
battery,  r.  what  change  of  intensity  will  be  produced  by  so  uniting  the  couples 
ai  to  form  only  four  groups,  each  baring  twenty -fire  times  the  previous  extent 
ef  sur'iice  ? 
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ADDENDA. 

Note  to  }  369.~nniform  moBioal  pitch.— A  genenl  eongress,  called 
together  by  the  Society  of  Arte,  at  London,  Jane  8,  IBM,  of  mneicians,  ama- 
tenra,  and  otlera  interested  in  music,  hare  aooepted  the  report  of  a  eommitte* 
appointed  in  1859,  to  consider  the  sabject  of  uniform  musical  pitch.  This  com. 
mittee  recommend  a  pitch  of  528  full  vibrations  for  C  =  440  for  A,  basing  their 
calculations  on  33  single  vibrations  of  an  organ  pipe  32  feet  high,  in  place  of  32 
vibrations,  the  actual  number.  The  following  is  the  scale  at  this  pitch — the 
only  one  yet  proposed  which  gives  all  the  sounds  in  whole  numbers : — 

CDEFQABC 
264297330352396     440     495528 

This  pitch  is  but  16  vibrations  per  second  higher  than  the  normal  Diapason, 
C  =B  512,  or  **  Stuttgard  pitch,"  and  18  vibrations  lower  than  the  present  pitch 
of  546.  It  is  therefore  nearly  half  way  between  the  two,  being  a  quarter  tona 
above  one,  and  the  same  quantity  below  the  other. 

The  commission  recently  appointed  to  report  on  the  pitch  in  France  ...>w 
advised  the  following  scale : — 

CD  EFOABC 

261     298ft     326i     348     39U     435     489|     522 

The  folluwing  is  a  list  of  the  several  pitches  considered  in  this  report: — 
Handel's  Tuning  Fork  (C.  1740)  A  at  416    =  C  at  499^ 
Theoretical  Pitch 
Philharmonic  Society  (1812-42) 
Diapason  Normal  (Paris,  1859) 
Stuttgard  Congress  (1834) 
Italian  Opera,  London  (1859) 

{Journal  of  the  Society  of  Arte,  June  8,  1860.) 

NoTB  TO  i  343.— The  velocity  of  all  soanda  not  the  Bame.^Rev. 

B.  S.  Earnshaw,  of  Sheffield,  England,  lately  brings  good  evidence,  both  mathe- 
matical and  physical,  to  show  that  the  accepted  views  stated  in  ^  343  are  correct 
only  for  sounds  having  no  very  great  difference  of  intensity.  Every  note  in  mufie 
may  be  formed  by  two  kinds  of  vibrations  of  the  same  rapidity,  but  differing  in 
wave-length  and  velocity  of  transmission.  Only  one  variety  of  these  waves  is 
supposed  in  general  to  be  sensible  by  human  ears.  The  velocity  of  sounds  of 
all  kinds  \»  a  certain  function  depending  upon  the  rapidity  and  length  of  vibra- 
tion. In  the  case  of  violent  thunder  the  numerical  value  of  this  function  becomes 
much  greater  than  for  ordinary  sounds.  These  and  other  remarkable  ooncln- 
sions  are  sustained  by  mathematical  reasoning.  The  author  of  the  memoirs  also 
cites  evidence  to  show  that  the  crash  of  violent  thunder-claps  has  been  often 
beard  almost  simultaneously  with  the  flash  of  lightning,  although  the  stroke 
fell  several  miles  distant.  {London,  Edinburgh,  and  Dublin  Phil.  Mag,,  June, 
July,  Sept.  1860.) 

Note  to  ^  392. — Soanda  produced  byinseo^Ji. — Bnnneister  has  shown 
that  the  usual  opinion  of  naturalists  (expressed  in  §  392)  is  erroneous,  and  that  the 
sounds  produced  by  insects  are  formed  by  the  expansion  and  contraction  u.  u»«^ . 
air  tubes,  the  sound  being  fumied  by  the  passage  of  air  through  the  orifices  f ' 
the  tubes,  which  act  like  a  whistle.    ( Taylor'e  Scientijle  Memoir;  YoL  L,  p.  St t ; 
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Measures  of  Length, 

Ths  tntk  if  the  smallest  lineal  integer  now  used.  For  mechanical 
parposee  it  is  divided  either  duodecimally  or  by  continual  bisection ;  but 
for  scientific  purposes  it  is  most  convenient  to  divide  it  decimally.  The 
larger  units  are  thus  related  to  it : — 


lfil«.fiirion0LCIiaiiii.Bods.Fatboiiit.        Tardi.  Veet 

l=:8=:80=:820=r880      =1760    =5280 


Links.  IndMt. 

=  8000     =  68860 


1  =  10=  40  =  110      = 

Irr.      4=    11       = 

1  =     2-76  = 

1      = 


220    = 

22    = 

6-6  = 

2    = 

1    = 


•000126  =-001  =  -01=  -04=  -11=  -22^- 


660 

66  = 

16  6  = 

6  = 

8  = 

1  = 
0-66  = 


=  1000  = 
=  100  = 
=     26     = 

=  »tV  = 
=       4A  = 

=       1H  = 
1     = 


7920 

792 

198 

72 

86 

12 

7  02 


MetLSures  of  Surface. 


Boodfl.        Square  ChaioB. 
4         =       10  = 

1        =        2-6      = 
I 


Square  Yards. 
4840 
1210 
484 

1       -. 


Square  Feet 

48,660 

10,866 

4,866 

0 


Measures  of  Volume, 


OnMeTard. 
1 


CaUe  Feel 

27 

1 


Cubic  Indies. 

46,666 

1,7J8 


69 


(660) 
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Imperial  Measure, 

The  Imperial  Standard  Qallon  contains  ten  pounds  aToirdapcis  weight 
of  distilled  water,  weighed  in  air  at  62^  Fahr.  and  30  in.  Barom.,  or  12 
pounds,  1  ounce,  16  pennyweights,  and  16  grains  Troy,  =  70,000  grains' 
weight  of  distilled  water.  A  cubic  inch  of  distilled  water  weig^ 
252*458  grains,  and  the  imperial  gallon  contains  277*274  cubic  inches. 

Diatilled  Water.. 
Oraina.         Avoir,  lb.         Cubic  loehaa.        Pint      Qnart    Oalla.  Pwki.  Baah    Qr. 


8,760  = 

17,600  = 

70,000=  10 
140,000=  20 
660,000=    80 


1*26=  84  669=  1 

2-6    =  69-818=  2=  1 

=  277-274=  8=  4=    1 

=  664  648=  16  =»  8=    2  = 

=  2,218-192=  64=  82=    8  = 


1 

4  =  1 


4,480,000  =  640       =  17,746-686  =  612  =  266  =  64  =  82  =  8  =  1 

Apothecaries'  Measure, 

The  gallon  of  the  former  wine  measure  and  of  the  present  Apotheca- 
ries' measure  contains  58,333*31  grains'  weight  of  distilled  water,  or 
231  cubic  inches,  the  ratio  to  the  imperial  gallon  being  nearly  as  5  to  6, 
or  as  0-8331  to  1. 


Gallon. 

Plnta. 

Oancca. 

Dracbms. 

Minima. 

Or.ofDlatWat 

.     Cab.  Inch. 

1     = 

:     8     — 

128    = 

1024 

— 

61,440 

i=s 

68,888-81 

= 

281 

1     = 

16    — 

128 

— 

7,680 

= 

7,291  -66 

=:= 

28-8 

3  1    = 

8 

— 

480 

— 

466.72 

—"" 

1-8 

31 

= 

60 

— 

56-96 

s= 

0-2 

ENQLISH  WEIGHTS. 


Avoirdupois  Weight 


Pound. 
1 

Onnoea.                        Brachma. 
—             16             —            266             — 
1            =               16             — 

1             = 

Apothecaries'  l-^oy  Weight, 

Gralna. 
7000 
487-5 
27-84876 

Ponnd. 

1 

Onnoas.                 Dracbma.                Scmplea. 
=          12          =          96          =r          288 
1          —            8          =            24 
1=8 

1 

Gralna. 

—  6760 
»=            480 
=              60 

—  20 
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1  Kilometre 
1  Hectometre 
1  Decametre 
1  Metre 

1  Kilometre 
1  Metre 


FRKNCH  MEASURES. 


Measures  of  Length, 


f  ( 


K 


1  Metre  = 

1  Decimetre  = 

1  Centimetre  = 

1  Millimetre  = 

=    0  6214  Mile.        1  Centimetre     =l 
=    8  2809  Feet.     I   2-589954  c.  m.  =- 


1000  Metres. 
100 
10 
1 


It 


1  000  Metre. 
0100 
0010 
0001 


it 


(< 


(< 


0-8987  Inch. 
1  Inch. 


Comparison  of  Standard  Measures. 

1  Metre  =  8  28089917  English  Feet,  =    8-28070878  American  Feet. 
1  Metre  =  8-07844400  Paris  Feet,      =  89-86850585  American  Inches. 


1  Cubic  Metre 
1  Cubic  Decimetre 
1  Cubic  Centimetre 


Measures  of  Volume. 

1000-000  Litres.         1  Litre's 
1-000      "  1  Litre  = 

0  001      "  1  Litre  = 


0-22017  Gallon. 
0-88066  Quart 
1-76188  PinU. 


1  Cubic  Metre  =r    85-81660  Cubic  Feet 

1  Cubic  Decimetre     =    61-02709  Cubic  Inches. 
1  Cubic  Centimetre   ^      0-06103 


«i 


i< 


J  Kilogramme  =   1000  Grammes. 

1  Hectogramme  =     100 

1  Decagramme  =       10 

1  Gramme  =         1 


FRENCH  WEIGHTS. 

1  Gramme 


It 


«« 


(( 


(( 


(( 


=  1-000  Gramme. 

1  Decigramme    =  0-100 

1  Centigramme  =  0-010 

1  Milligramme   =  0-001 

1  Kilogramme  =  2  67951  Pounds  (Troy),  =  2-20485  Pounds  (Avoirdupois). 
1  Gramme        =  15-44242  Grains. 

To  convert  French  metrical  quantities  into  English  measures  and 
weights  consult  Table  II. 

7b  conf>ert  Grains  into  Grammes. 
Log.  Grains  -|-  (—  2-8115680)  =  Log.  Grammes. 

7b  convert  Cubie  Inches  into  Cubic  Centimetres. 
Log.  Cubic  Inches  -f-  1 -2144998  ^=  Log.  Cubic  Centimetres. 

To  convert  Inches  into  Millimetres. 
Log  Inches  +  1*4048887  =  Log.  Millimetrei 


672 


APPENDIX. 


OQ 
H 

H 
o 

M 

H 

<J 

cc 

H 

m 

» 

» 

CO 

h3 
O 
5?5 

O 
H 

CO 
H 

» 
O 

•< 

CO 

P 

O 

H 

« 

>^. 

H 
Pm 

^ 

H 
OS 
» 

o 
o 

PC4 


a 

H 

O 
9S 

M 
•J 

O 

eo 

M 

OQ 

M 


sss 

96281 
-48871 

00 

2 

^ 

3SS    S 

a 

ooioeo 

*        •        • 

s 

9 

o 

• 

•           •          •                        • 

oo»^ 

04  to 

• 

eo 

o 

o 

i-l»^iO        ^ 

^2 

CO 

-  s 

$  aa  Q 

04  eo 

CO 

t* 

CI 

eoi-4Ci      »^ 

^P  ^^  CO 

l^CO 

CO 

a> 

CI 

OOgCD         ^ 

O^  fw  ^^ 

<^« 

O) 

'^ 

s 

^  **  «P 

C>10) 

** 

ri^ 

»:-pp       CO 

QD 

«p^ 

• 

00 

• 

00 

•«* 

CD  cb<^ 

c<»^ 

eo 

o 

b 

*1«  h.^      tl« 

w^ 

00 

v^         CO 

00 

t* 

00  to 
CO  tO 

s 

s 

COiOO         ^ 

i-Ho  00     b 

kO  CO  kO 

«qj 

*s 

to 

r* 

•-•^  O*       lO 

Ud  to  O) 

Oi  to 

to 

t* 

CI 

^«c«      « 

t- 

CO  O)  lO 

CI  to 

•           • 

• 

• 

fc* 

'^ 

tOf^eo      f* 

t^^»o 

©«h- 

CI 

o 

b 

f^bci      ^ 

w  t^ 

C1 

I-I      '^ 

©« 

lO 

0  0)00 

00  00  r« 

to-^ 

ODOI 

^ 

i 

CO 

OOOh-        Q 

oa>  o»     o 

f-«  o  -^ 

CI 

CD 

CO 

i-i0Oh«       op 

dOO  CO        l» 

COXd 

^  CO 

CO 

ss 

CO 

« 

»o  O  Ol 

00 

• 

CI 

• 

« 

op 

Op  CI  kO      q> 

CO  O)  <0 

•^  CO 

CI 

o 

b 

r^tob     b 

r^  CO 

a 

<-•        CI 

CI 

eo 

• 

^* 

«c  o  -^ 

to  Oi 

s 

s 

'^ 

ooci  -^      r* 

f-^  to  o» 

^  CO 

H 

r^ 

oooo  eo      f-4 

DC  •^  CO 

o  »o 

00 

CO 

»4 

to 

pec  CO       C4 

OO  o     00 

CO  O  »Q 

"^  oo 

CO 

O) 

u 

o 

lO 

CO  CO 

• 

• 

•T^ 

Ok 

-< 

lO 

00 

• 

r-i'^OO        00 

■        •        •                • 

lO  o  o 
i-i  a 

1-^ 

1^ 

o 

o 

rH^OO       g 

w^ 

r^ 

o 

iH 

ce  o  to 

CO  c^ 

00 

00 

f-« 

coco  ^        ^ 

to   to  r-l 

CC  CO 
CIOO 

00 

** 

CO 

p^ 

CO  CD  00      r« 

^  CO  eo 

-^ 

r* 

M 

^ 

OCI  to        lO 

b-  d  CO 

^  -^ 

t^ 

to 

M 

^ 

^ 

00  CI  <«      S 

^ 

CO  -Tif 

CO  t^ 

tO 

*^ 

p 

CI 

opiop      p 

•^  CO  t^ 

rH  to 

rH 

b 

OQ 

< 

H 

1 

b 

bob  t^     b 

I-I  to 

rH 

O  O  CO 

t^  -^ 

CI 

IpH 

00 

oo:  0»      O 
^O  0»        00 

o  r-  CO 

CI  CI 

r^ 

f^ 

^5 

O  S^  CI 

"*  ^ 

1— • 

00 

• 

s 

CO  ^S       9 
CDCOCI        ^ 

00 

OC  '«««  -^ 

00  r-l 

00 

^— 

PQ 

eo 

Ol  op  rH 

OiOO 

1-^ 

. 

^^ 

CO  9)  ob 

br^ 

r^ 

o 

b 

•           •           •                   * 

oci»o    b 

1-^ 

f-< 

l-H 

CD 

r-o  00 

00  CO 

CI 

'^ 

1    ^ 

00  oo  CD         ^* 

c^  Ob  to 

^-  rH 

^ 

r^ 

^        .      o 

00  00  CO        CO 

I-    l-H    ^H 

CC  -^ 

t^ 

00 

CI 

p  ^d        CI 

^  COCI        00 

c* 

CC  CO  -^ 

to  b- 

00 

r^ 

01 

CI 

f-^  ip  t;- 

COQO 

t^ 

o 

• 

rH 

■^  t7>io      op 

ci  CO  ob 

dt-^ 

b 

o 

b 

bf^ci     b 

CO  oo 

0)Q0 

^H 

r^ 

s 

t»  CD  00        00 

CO  C:  00 

oo 

t^ 

CO 

i-«  CO  00        ■^ 
o  p  ^       CO 

CC  Q  O 
C-  00  1^ 

00  r>- 

co 

o 

»-H 

CI  00 

Oi 

CO 

. 

^ 

C4  OQ  CD        CD 

^^ 

O  C^  CO 

00  a 

• 

CO 

o 

• 

'^ 

door*      r4 

f^  CO  o 

Oco 

b 

o 

o 

•               •        •                       • 

OOrH       O 

CO 

• 

d    : 
d 

JO         o 

■         • 

■ 

M     • 

m 

fe  «  «^ 

t        • 

• 

• 

s  • 

or.    3D   en 

..M     ..i«     .^^ 

^■^     ^i^    ^"^ 

pa 

OS         "> 

is  s 

M   ^ 

^  a 

M    O 

imp. 
imp. 
imp. ; 

„•>  fcC  bjO  W)  H  -g  -S 

«•€ 

S-g 

OS 

^  tcecu)  .^ 

S  c:  a  a 

^   V   c 

2  c 

3  c 

o  a 

PB  e  a  e  M  « 

3   ; 

M 

p 

o    1 

gpqKH  go 

PHYSICAL  TABLES. 


67a 


• 

OD 

t>.r-l         <M 

00 

00 

CI 

00 

H 

1^ 

1-4 

00 

a 

m 

o 

M 

H 

^H 

00 

Oi 

oo 

vH  0(0         1-4 

00 

a> 

00 

00 

o 

q» 

op 

op 

rH 

od>      -^ 

ob 

00 

•-H 

O 

1-1        Cl 

CO 

1-4 

l-H 

SS    2 

CO 

'^ 

a> 

'^ 

^ 

CO 

O) 

CO 

kO 

< 

h»0O        CO 

O) 

00 

kO 

m 

»O00        00 

00 

kO 

CO 

CI 

GQ 

QD 

^co      -^ 

• 

00 

• 

CI 

• 

1-4 

• 

M 

or*      f-H 

00 

c« 

1-4 

O 

• 

• 

•     1 

as 

P 

CQ 

•-•         Cl 

c^ 

^H 

M  « 
s  <• 

ooo      o» 

-^ 

Oi 

r* 

o 

& 

fc* 

GOO        lO 

r*  ^      « 

00  CO         US 

•         •                    ■ 

o 

■ 

CO 

• 

o 

1-4 

00 

o 

^4 

• 

<o  »  o 

CO   to   »« 

S  2  ** 

CO   p    »M 

CO  »- 

O 
00 

o 

n 

oo      oo 

00 

o 

1-i 

o 

«o  CO  <b 

o  o 

• 

o 

1-4           f-H 

o 

r-* 

S  ^ 

t> 

OQ 

rH 

,  ^  '^ 

9> 

hH 

1    ^ 

i  1  i  i  1 

h9 
O 

QC*      go 

<5 

00 

S 

kO 
CO 

1  D 

1 

Sz« 

OD  O)        t* 

00 

kO 

CO 

2! 

H 

CD 

to 

CO 

• 

CO 
CI 

CI 

Oi 

• 

? 

si 

3 

O 
H 

ooo        CO 

a 

o 

o 

p  00  a  '.  «. 

: 

1 

• 

hH 

OOOD       r« 

o 

r-l 

CI 

1-4 

5     2 

4 

•JJ 

GO 

■*  e^      lO 

^H 

CI 

f— < 

CI 

^0S 

s 

H 

W 

oo  •«<'      r* 

1-H 

CI 

CI 

r- 

eo  o 

• 

s 

lO 

oo        00 

©« 

h- 

r* 

o 

*     • 

••• 

ND  WEIG 
-WlIOHTS. 

0»-i      eo 

• 

r* 

• 

• 

o 

b 

o   • 

00 

1 

O)00        lO 

00 

h« 

o 

r* 

r*  -^      Q 

CO 

o 

r^ 

!>• 

1 

• 

aoa>      00 

o» 

CO 

r^ 

I-H 

A       d       •• 

^H 

^ 

l"*  1-H            1-H 

CO 

r* 

^H 

CO 

^    2    S3    ^     ^ 

«    60<a  5    5 

a  >%  o 
■&  S  ^ 

S    S  O  5     2 

<    1 

OGO     t:- 

ooo     o 

r* 

• 

CO 

• 

CO 
00 

CO 

o 

o 

• 

o 

w    «• 
<■    «• 

^    ^ 

PQ 

OJ  r*      -^ 

CO 

t^ 

00 

< 

P 
QQ 

cS<^      00 

CI 
I'- 

d 

CI 

CO 

CO 

CO 

»•    »• 

Eh 

00 

lOi-i      oo 

c» 

CO 

CO 

^ 

0«0        00 

00 

• 

CO 

CO 

• 

• 

O 

• 

o 

2    2 

o 

example 
red  to  fin 
line  4,  of 

"    4, 

"    5, 

^-^r 

a^      00 

CO  h<-        O 

0)0)       o 

3 

00 

i 

0» 

s 

01 

ooo        kO 

s 

• 

o 

• 

CO 

o 

• 

H 

O^       lO 

6 

eo 

o 

o 

following 
t  be  requi 
olumn  8, 

4, 

.>    ."' 

00 

^9  •<» 

OCO         i-l 
0>  "^        OJ 

CI 

CI 

9 

•^ 

s 

2    2 

^ 

H 

, 

1-1  o      r* 

^ 

• 

kO 

1-4 

'^ 

oe^      CO 

•       •                • 

• 

1-H 

o 

_  •-•    c> 

2  ♦»   fc^ 

• 

as 

C5 

OCl       c^ 

1-^ 

b 

b 

>       •               • 

• 

• 

• 

• 

55 

..5    '►^ 

• 

• 

• 

• 

H 

o       o 

•^ 

•^ 

C    ' 

as 

^       >■    -  u 

•k 

H 

H 

2   '<  Sh 

• 

m    • 

S    ' 

S    ' 

H 

a     zi.a^ 

n 

n 

s 

> 

a    .  ^  S  f^ 

►  2 

s  « 

<  2 

<  2 

55 

o 

S  fc   3   S   3 
5  ^  o  o  o 

2^ 

2-9 
50 

^  a 

PS 

."1             "^ 

M 

H 

**     1 

o 

fc^       M    < 

» 

Q        1 

:^ 

s 

Pn 

-J 

69* 


674 


APPENDIX. 


TABLE  III. 
EXPANSION  OF  SOLIDS. 


1,000,000  parts  at  32^  F. 


English  Flint  Glass 

Glass  tube  (French) 
j  Platinum      .     . 
Palladium    .     . 


Tempered  Steel 

Antimony 

Iron    . 

Bismuth 
Gold  . 
Copper 
Brass 
Silver 
Tin     . 
Lead  . 
Zinc   . 


At  212°  F. 
become 


1,000,811 

1,000,801 
1,000,884 
1,001,000 

1,001,079 

1,001,088 

1,001,182 

1,001,892 
1,001,466 
1,001,718 
1,001,866 
1,001,909 
1,001,987 
1,002,848 
1,002,942 


Expanaioii. 
In  length.  In  bulk. 


1  in  1248 

1  in  1148 
1  in  1181 
1  in  1000 

1  in    926 

1  in    928 

1  in    846 


m 
in 
in 
in 


1 
1 
1 
1 

1  in 
lin 
1  in 
lin 


718 
682 
582 
586 
524 
516 
851 
840 


1  in  816 

1  in  882 

1  in  877 

1  in  838 

1  in  809 

1  in  807 

1  in  282 


lin 
lin 
1  in 
lin 
lin 
1  in 
1  in 
1  in 


289 
227 
194 
179 
175 
172 
117 
118 


Antboritj. 


LaToisier 
&  Laplace. 

Dulong  & 

Petit. 
WoUaston. 

LaToisier 
&  Laplace. 
Smeaton. 

Dulong  k 
Petit, 

Smeaton. 


LaToisier 
'  &  Laplace. 


Smeaton. 


J 


INCREASE  OF  MEAN  EXPANSION  BY  HEAT. 


Glass    . 

Platinum 

Iron 

Copper 

Mercury 


Bxpanaion  for  each  degree  F. 


Between 
93P  and  212°. 


in  69660 
in  C7860 


1  in  50760 


in  84020 
in    9990 


Between 
82°  and  392°. 

1  in  65840 


1  in    9965 


Between 
sap  and  672". 


1  in  59220 
1  in  65840 
lin  40860 
1  in  21060 
1  in    9518 


1,000,000  parts  at  62°  F. 

At  212°  F.        At  662^  F. 

At  Freesing  Point. 

Black  lead  ware    . 

1,000,244    1,000,703 

Wedgewood  ware  . 

1,000,785 

1,002,995 

Platinum      .     .     . 

1,000,786 

1,002,995 

f  1,009,926  maximom,  but 
\     not  fused. 

Cast  iron      .     .     . 

1,000,898    1,008,948 

1,016,889 

Wrought  iron   .     . 

1,000,984  1  1,004,488 

f  1,018,878  to  the  fusing 
\     point  of  oast  iron. 

Copper    .... 

1,001,480    1.006,847 

1,024,876 

Silver      .... 

1,001,626  ,  1,006.886 

1,020,640 

Zinc 

1,002, 4«0 

1,008,527 

1,012,621 

Lead 

1,002,828 

1,009.072 

Tin 

1,001,472 

1,087,980 

PHT8I0AL  TABLES. 
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TABLE  IV. 


EXPANSION  OF  LIQUIDS. 


BBTWEBN  32®  AND  212°  F. 


1,000 


000  jparts  mercury  become       .     . 
^    ♦*    pure  water  become 

sulphuric  acid  become 
chlorohydric  acid  become 
oil  turpentine  become 
sulphuric  ether  become 
fixed  oils  become      .     . 
alcohol  become    .     .     . 
nitric  acid  become    .     . 


«( 


n 


ii 


it 


(( 


1,018,153 
1,046,600 
1,058,823 
1,058,823 
1,071,428 
1,071,428 
1,080,000 
1,111,000 
1,111,000 


in  55 
in21- 
in  17 
in  17 
in  14 
in  14 
inl2- 
in  9 
in    9 


RegnauU. 

Dalton. 

Dal  ton. 

Dalton. 

Dalton. 

Dalton. 

Dalton. 

Dalton. 

Dalton. 


EXPANSION  OF  LIQUIDS  OF  SIMILAR  CHEMICAL  COMPOSITION. 


Alddijda. 

Butyric  Acid. 
a(H804. 

Acetate  of  EthyL 

<«. 

C.U«Qi. 

CbUcOi. 

Pierre. 

Kopp. 
(20-80.) 

Pierre. 

Kopp. 

Pierre. 

rfiT) 

(B.  P  220.) 

(1630.) 

(167°) 

(741°.) 

0 

10000 

10000 

10000 

10000 

10000 

10000 

10 

9817 

9880 

9872 

9867 

9846 

9843 

25 

9567 

9596 

9688 

9667 

9629 

9622 

45 

9284 

9453 

9439 

9359 

9352 

60 

9094 

9288 

9271 

9172 

9165 

76 

• 

9128 

9112 

8996 

8988 

110 

8781 

8766 

8688 

«a 


0 
25 
55 
80 


Chlorid    Monochlo-  Monochlo- 

of  rineted    i    rinated 

Ethylene.    Chlorid     Chlor  of 
CiUtCli.    of  Ethyl.   Ethylene. 
,  C«H4Cl9.     C«BtCis. 
Pierre.    I    Pierre.        Pierre. 
(84  »o.)  I    (64  8°.)      (114  2°.) 


10000 

10000 

9667 

9669 

9331 

9300 

9068 

9003 

10000 
9693 
9350 
9090 


BIchlori- 

neted 

Chlorid 

of  Ethyl. 

C4U«CIs. 
Pierre. 
(74»o.) 

Formiate  of  Ethyl. 
€^H«04. 

Pierre. 

(62-90.) 

(S^S?-) 

10000 
9648 
9267 
8988 

10000 
9632 
9241 
8953 

10000 
9631 
9243 

Acetate  of  Methyl. 


Pierre. 

(W-»o.) 

10000 
9638 
9243 
89^ 
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TABLE  V. 


EXPANSION  OF  GASES. 


EXPANSION  rOR  A  CONSTANT  YOLUMB.* 


Air. 
PrMsare  at 

OkrtKmic  Add. 

PrMfureat 

BxpansioD  for 

pTMKureat 

PreMiara  at 

ExpAnrioD  for 

82°  F. 

212°  F. 

ISO^F. 

Z7PF. 

212°  F. 

180°  F. 

m.m. 

in.  m. 

m.m. 

mm. 

109-72 

14981 

0-86482 

768-47 

1034-64 

0  86856 

174-86 

237-17 

0-86613 

901-09 

1280-37 

0-86948 

266*06 

896-07 

0-86642 

1742-98 

2387-72 

0-37623 

87467 

610-36 

0-86687 

868907 

4769-03 

0  88698 

376-28 

610-96 

0-86672 

76000 

it 

0-86660 

• 

1678-40 

2286  09 

0-86760 

1692-68 

2806-28 

0-86800 

* 

2144.18 

2924  04 

0  86894 

8666.66 

4992-09 

0-87091 

BZFANSION  FROM  32^  TO  212^  F.  AT  A  CONSTANT  FRBSSURS.* 


Hydrogvn.                          Air. 

Oarbonio  Add. 

Snlpharoaa  Add. 

^"(S'    0-86618        ll'eO     0-86706 
2646     0-86616     1  2626    0  36944 

2620     086964 

^eO*    0-87099        "^      0-8902 
2620    0-38466         980      0-8980 

1 

TABLE  VI. 

RADIATING  POWER  AOCORDINO  TO  PROVOSTAYE,  DESAIN8, 

AND  MELLONL 


Lampblack  being     . 
Pure  rolled  silver    . 
Pure  burnished  siWer 
Rolled  platinum 
Gold  in  leaf   .     .     . 


100  Rough  siWer  (deposited   on 

8-00  copper)      ....             6  36 

2*60  Burnished  siWer  (pure)  .     .  2-25 

10-80  Burnished  platinum    .     .     .9-50 

4-28  '  Sheet  copper 4 


.  4-90  I 


*  Cours  de  Physique.     Par  M.  J.  Jamin.     Tome  iL  p.  70. 
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TABLE  VII. 


CONDUCTING  POWER  OF  METALS  AND  BUILDING  MATERIALS 


A. — CONDUCTING  POWER  OF  METAI^. 


Name  of  MuUI. 

Dt^fprets. 

Wiedemaun 
1  Fninz. 

f 
Bdcqaerel.    i 

Gold 

Platinum 

Silver 

Copper 

Brass 

10000 
981  0 
973  0 
898-2 

874-8 
863  0 
808-9 
179-6 

28  6 
12-2 
11-4 

1000 
158 
1880 
1883 
444 
218 
224 

278 

160 

1*18 

34 

1000 
124-91 
1451-37 
1383-61 

188-3 

376-3 

21209 

128-65 

217-08 

Steel      

Iron 

Zinc 

Tin         

Lead 

Palladium 

Bismuth 

Marble 

Porcelain 

Brick  clay 

B.— CONDUCTING  POWER  OF  BUILDING  MATERIALS. 


Conducting   | 

Conducting 

Name  of  Substance. 

power  referred 

Name  of  Substance. 

power  n«ferred 

to  slate  =-  100. , 

1 

to  slate  ^  100. 

Plaster  and  sand   .     . 

18-70 

'  Bath  stone    .... 

61  08 

Keene's  cement 

19-01 

Fire  brick     .... 

61  70 

Plaster  of  Paris 

20-26 

Paniswick  stone,  H.  P. 

71-36 

Roman  cement 

20  88 

Malen  brick      .     .     . 

72-92 

Lath  and  plaster   . 

26-66 

Portland  stone  .     .     . 

75  10 

Fir  wood      .     . 

27-61 

Lunelle  marble      .     . 

76-41 

Oak  wood     .     . 

33  66 

Balsover  stone,  H.  P. 

76-36 

Asphalt   .     .     . 

4519 

Norfal  stone,  H.  P.    . 

95  36 

Chalk  (soft)       . 

56  38 

Slate 

10000 

Napoleon  marble 

68  27 

Yorkshire  flag  .     .     . 

110-94 

Stack  brick  .     . 

6014 

Lead 

621  -34 

e78 
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TABLE  Vni. 
ABSORPirVE  POWER  OF  DIFFERENT  BODIES. 


NunM. 


Smoke  blackened  surface 

Carbonate  of  lead 

Writing  paper 

Glass 

China  ink 

Gum  lao 

SiWer  foil  on  glass 

Cast  iron,  polished 

Wrought  iron,  polished 

Mercury 

Zinc,  polished 

Steel 

Platinum,  thick  coat,  imperfectly  polished 

«         on  copper 

"         leaves 

Tin 

Metallic  mirrors,  a  little  tarnished      .     . 
**  **         nearly  polished    .     .     . 

Brass,  cast,  imperfectly  polished     .     .     . 
**      hammered,  imperfectly  polished 
*'  "  highly  polished  .     .     . 

"      cast,  "  "... 

Copper,  coated  on  iron 

**       Tarnished 

"       hammered  or  cast 

Gold  plating 

Gold  deposited  on  polished  steel     .     .     . 

Silyer,  hammered,  and  well  polished  .     . 

Silyer,  cast,  and  well  polished    .... 


Abtor|»Ur8 
Power. 


100 

100 

98 

90 

85 

72 

27 

25 

23 

28 

19 

17 

24 

17 

17 

14 

17 

14 

11 

9 

7 

7 

7 

14 
7 
5 
3 
8 
8 


RefflectiTS 
Pomr. 


0 
0 
2 
10 
15 
28 
78 
76 
77 
77 
81 
83 
76 
88 
88 
80 
83 
86 
89 
91 
93 
93 
98 
86 
98 
95 
97 
97 
97 


TABLE  IX. 
ABSORPTIVE  POWER  FOR  HEAT  FROM  DIFFERENT  SOURCES. 


Name  of  Subetance. 


Lampblack  .  . 
Carbonate  of  lead 
China  ink  .  .  . 
Isinglass     .     .     . 

Lac 

Metallic  surface  . 


Inoandenerat 
Platinum. 

Copper  at 
400°. 

^•^ 

100 

100 

100 

56 

89 

100 

95 

87 

85 

54 

64 

91 

47 

70 

72 

13  5 

13 

13 
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TABLE  X. 

DIATHERMANCY  OF  DIFFERENT  LIQUIDS. 


Of  100  incident  raji. 

Tranii- 
mitt«d 

68 
62 
62 
81 
80 
80 

Tr«n*> 
mltted; 
1 

21 

17 

17 

14 

15 

11 

Bisulphid  of  carbon  (cdorless^ 
Bichlorid  of  sulph.  (red  brown) 
Terchlorid  of  phosphorus 
Essence  of  turpentine  .     .     . 
Colxa  oil  (yellow)    .... 
OliTe  oil  (greenish)      .     .     . 

Ether   

Sulphuric  acid  (colorless) 
Sulphuric  acid  (brown)   .     . 

Nitric  acid 

Alcohol          

Distilled  water 

TABLE  XL 

\_Ratio  of  Specific  Heat  to  Atomic  Weight.'] 

SPECIFIC  HEAT. 

A. — SOLIDS. 


Wator  —  1.00. 


I 


Names. 


Aluminum   . 
Sulphur  .     . 
Iron   .     .     . 
Cobalt     .     . 
Nickel     .     . 
Copper    .     . 
Zinc  .     .     . 
Selenium 
Tin     .     . 
Platinum 
Lead  .     . 
Phosphorus 
Arsenic  . 
Silver      . 
Iodine 
Antimony 
Oold  .     . 
Bismuth  . 


Spedflc  Heati. 

a 


0-2143 
0-2026 
0-1138 
01070 
01086 
00962 
00956 
00762 
00562 
0-0324 
00314 
01887 
00814 
00570 
0  0541 
00508 
00824 
0-0808 


Atomic  Weight!. 


13-7 

16 

28 

29-6 

29-6 

31-7 

32-6 

40 

59 

98-7 
108-7 

81 

75 
108 
127 
120-8 
197 
208 


B. — LIQUIDS. 


Product, 
CXp. 


2-94 
3-24 
8-19 
81$ 
3-21 
8-02 
812 
304 
8-81 
3  20 
8-26 
5-85 
6-10 
6-16 
6-87 
611 
6-88 
6-41 


Mercury  (liquid)  . 
Mercury  (solid)  . 
Bromine  (liquid)  . 
Bromine  (solid)  28< 


C. 


0-0333] 
0-08241 
011094 
008432 
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TABLE  XI —{Ckmiinmed,) 
SPECIFIC  HBAT. 

C— GASES  AND  TAFOftS. 


1 

1 

C-apaclty  tnr 

Capaeitj  for 

1 
1 

•                Nam«  of  Substanoe . 

equal  weight*. 

eqnal  volamea. 
Water  of  equal 

Specific  Gravity. 

Water  —  1. 

weight  being  »1. 

• 

! 

Atmospheric  air* 

0-2379 

10000 

Oxygen  ...     . 

0-2182 

0-2412 

1-1066 

Nitrogen      .     .     . 

0-2440 

0-2370 

0-9713 

Hydrogen    .     .     . 

3-4046 

0-2366 

0-0692 

Chlorine      .     .     . 

01214 

0-2967 

2-4400 

Bromine       .     .     . 

00662 

0-2992 

6  3900 

Nitrous  oxyd    . 

0-2288 

0-3413 

1-6260 

Nitric  oxyd       .     . 

0-2316 

0-2406 

10390 

Carbonic  oxyd 

0-2479 

0-2399 

0-9674 

Carbonic  acid  . 

6-2164 

0-3308 

1  -6290 

Sulphid  of  carbon 

01676 

0-4146 

2-6326 

.  Sulphurous  acid 

01668 

0-3489 

2-2470 

1  Ammonia  gas   . 

0-6080 

0-2994 

0-6894 

Olofiant  gas 

0  8694 

0-3672 

0  9672 

Water  vapor 

0-4760 

0.2960 

0-6210 

Alcohol  vapor  . 

04513 

0.7171 

1-6890 

Ether  vapor 

0-4810 

1  -2296 

2  6663 

Chloroform 

01668 

0  8310 

6-8000 

Vapor  of  mercury 

6  9760 

Vapor  of  Iodine 

1 

8-7160 

TABLE  XII. 


FREEZING  MIXTURES. 


Sabetanoeff. 

Partflby 
WelghL 

CcwUds  in  Degrees  P. 

Sulphate  of  soda 

Hydrochloric  acid 

Snow  or  ice 

Common  salt 

Sulphate  of  soda ' 

Dilute  nitric  acid 

Sulphate  of  soda 

Nitrate  of  ammonia 

Dilute  nitric  acid    .     .               .     . 

Snow  or  ice 

Chloride  of  calcium 

U 

1} 

5) 

from  -|-  50®  to      0® 
«*     X          ««  —  6* 
4*   ^  60®   «*— 8® 

»«   4-  50«   •*  — 14®    • 

t 

"   -f  20®  "       14<» 

1 

• 

*  D^  la  Roche  and  Berard. 
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TABLE  XIII. 


DIATHERMANCY  OF  DIFFERENT  SOLIDS. 


Babstanoe  of  Screens. 


[iMb  pUto  WM  2^2  m.  in.(01  In.)  in  thick.] 


Rock  salt  (limpid)  .     . 
Silician  sulphur  (yellow) 
Fluor  spar  (limpid) 
Rock-salt  (cloudy) 
Beryl  f  greenish  yellow) 
Iceland  spar  (limpid)  . 
Plate  glass     ..... 
Quartz  (limpid)  .     .     . 
Quartz  (smoky)  .     .     . 
White  topaz    .... 
Tourmaline  (dark  green) 
Citric  acid       .... 

Alum 

Sugar  candy  (limpid)  . 


SoarcM  of  Heat 


Nailed 
Flame. 


92-8 

74 

72 

66 

46 

89 

89 

88 

87 

88 

18 

11 

9 

8 


Ifniited 
Platinum. 


92 

77 

69 

06 

88 

28 

24 

28 

28 

24 

16 

2 

2 

1 


Coppor 
76UOF. 

92-8 

60 

42 
66 
24 

6 

6 

6 

6 

4 

8 

0 

0 

0 


Copper 
2120  F. 


92  8 

64 

68 

66 

20 

0 

0 

8 

8 

0 

0 

0 

0 

0 


TABLE  XIV 

TENSION  OF  VAPORS  AT  EQUAL  DISTANCES  ABOVE  AND  BELOW 
THE  BOILING  POINTS  OF  THEIR  RESPECTIVE  LIQUIDS. 


Begnaalt. 

Ure. 

Uro. 

Marx.                  ATogadro. 

'   Nanber  of  de- 

•   grcM  abvT*  or 

below  boUtof. 

Water. 

Aleobol. 
'    8p.  Or.  0-813. 

i    - 

Temp.  Preerare 

Kthor. 
Temp.  Fronore 

Sulpb'tCarboD. 
Temp.  Preerare 

Meronrjr. 

Temp. 

Premare 

Temp.  Preeenre 

OF. 

inebek.       ^F.       loehee. 

op.       iocbee. 

OK.       iocbee.       ov.      Inebee.  | 

-f-4()« 

262 

6314 

i 

1 

-^20° 

282 

44  06 

124    42-64    137    4019 

Boiling  pH. 

212 

30-00 

178    80  00    UH    SO<K)    117    29-87 

680   30-00 

—  20° 

192    1087 

168    19-30     84    20-90      97    20-66 

1 

40° 

172  '12  78 

188    11  60      64    l;j  00      77    13  89 

630    19  86 

—  60<» 

102  :   7-94 

113      6-70      44      8  10      67      907 

1 

—  80<» 

132 

4-67 

98  !   8-67            I               37 

!                       1 

6-78 

690    14  08 

'50 
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TABLE  XV. 

MELTING  POINTS  AND  LATENT  HEAT  OF  FUSl  IN  01  DIFFERENT 

BODIES. 


Substanoea. 

1 

MelUng  Puint 

Latent  Ueat* 

OF. 

1 

Water  —  1.     ' 

Mercury 

—  89 

611 

0-036 

Oil  of  vitriol 

—  80 

Bromine 

4 

Water 

1421 

1-000 

Phosphorus    

+  111 

8-08 

0-066 

Potassium  (about)  .     .     . 

181 

Yellow  wax 

143 

78-82 

0661 

Sodium 

190 

Iodine 

224 

Sulphur 

239 

16-61 

0116 

Tin 

455 

25-74 

0-180 

Bismuth 

618 

22-30 

0166 

Lead 

630 

9-27 

0066 

Zinc 

761 

49-43 

.   0  847 

Antimony 

963 

Silver 

1873 

37-92 

0266 

Copper  

12143 

Gold 

2016 

Cast  iron  (above)     .     .     . 

2786 

i 

Wrought  iron       .... 

3280 

Platinufn 

4591 

Nitrate  of  soda    .... 

591 

113-36 

•797 

Nitrate  of  potash     .     .     . 

642 

83-12 

•684 

Nitrate  of  silver       .     .     . 

113-34 

-704 

TABLE  XVI. 
BOILING  POINT  OF  WATER  UNDER  DIFFERENT  PRESSURES. 


Boiling  Point 

Barometer. 

Bollinfc  Point 

Barometer. 

OF. 

Inches. 

OF. 

iQCfaeH. 

184 

16-676 

200 

28-464 

186 

17-421 

202 

24-441 

188 

18196 

204 

26-468 

190 

18  992 

206 

26-529 

192 

19-822 

208 

27-614 

194 

20-687 

210 

28-744 

196 

21  -676 

212 

29-922 

198 

1 

22-498 

214 

31-120 

*  The  numbers  in  this  colamn  may  bo  considered  as  the  number  of  poundi  of 
water  that  could  be  raised  1°  F.  by  the  heat  emitted  daring  the  congelation  of 
one  pound  of  each  of  the  substances  included  in  the  table. 

t  Plattner. 


%: 

■  SulphurouB  acia 

■  Chloriil  ofctLyl 

B^  Aldcbide  .     .     . 

Elher   .... 
Bigulpbid  of  Ckrbor 
Terolilorid  of  ailico 
AiDDioaiB,ap,gr.O! 
Bromine    .     .     . 
Wood  apirit   .     . 
Aloohol     .     ■     ■ 
Dutch  liqnid .     . 
W»ler  .... 
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TABLE  XVII. 

BOlLina  POINTS  OF  LIQUIDS. 


NiiflOBcid.Ep.  gr.1'4: 
Bichlorid  of  lin 
Foil  Bel  ail  .  , 
Torohloriil  of  an 
Bulyric  >uid  . 
Naptha  .  . 
Sulphurous  ether 
PhoBphoriia  .  . 
Oil  of  turpeDline 
Linsead  oil  .  . 
Sutp.  Koid,  iip.gr.  1-1 
Murauij    .     .     . 


230'0 
814'6 
820'0 
8200 
5640 
6ue-5 
6!l7  0 
B20-0 
662  0 


TABLE  SVIII. 


Nuiof  PboN. 

'?/SB 

»«n  fatiKhl 
oflh. 

.      . 

DonkJD  (Himilaja) 

DonkiB  Pssg  (Himnlajii)   .      .     . 
Farm  of  AnllBwm,  S.  A.    .     .     . 
QuHo'""''"  *'"''"''       ■     ■     ■     ■ 

+  17,337 

16,621 

13.4S6 

11,870 

9,541 

7,471 

6,808 

6,702 

6,200 

1,995 

1,483 

1,381 

9B4 

436 

161 

—  1316-7 

16'442 
16-489 
17-870 
19-020 
20-750 
22-620 
28.070 
22-502 
32-B05 
27-720 
28-270 

28  890 
28-820 

29  410 
29-760 
31-496 

179-lK) 
181-40 
187-80 
190-20 
1B4-20 
198-10 
199-20 
1 199-87 
t200-4a 
208-00 
209-10 
209  80 
210-20 
211-10 
211-60 
t214-44 

HexioD 

Hospioe^rSt.  Oothard      .     .     . 
Black  MouDUio,  N.  C.   (higheat  1 
point  in  the  eaatern  D,  8.)»    .  f 

Madrid 

SalibHrg 

PlombiercB           

Moscow 

8-«) f 

(^84 
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TABLE  XIX. 

BOILINQ  POINT  OF  W\TBR  AT  DIFFERENT  ATMOSPHERIC 

PRESSURES.— REGNAULT. 


f 

1 

Premuiv  In  atmo- 
spheric of  'JO  inches 

BoillnR  Point  of 
Water. 

Preaiiure  in  atmo- 
(ipher««  of  SO  inches 

Boilinf  Point  of 
Water. 

ruerrury. 

mercury. 

1 

212     «F. 

11 

3t^  2  ^F 

249  5 

12 

871  1 

8 

278-8 

18 

877-8 

4 

291-2 

14 

884 

5 

806  0 

15 

890 

6 

8182 

16 

895-4 

7 

8J9-6 

17 

400-8 

8 

8;'.9-5 

18 

405-9 

9 

848-4 

19 

410  8 

10 

856-6 

20 

415  4 

TABLE  XX. 


LIQUEFACTION  AND  SOLIDIFICATION  OF  GASES. 


Names  of  the  Gai<efi. 

Melting 
Point. 

Prassim  in  Atmospheres. 

At320F. 

AteooF. 

°f. 

Sulphurous  acid     .     . 

Cyanogen      .... 

Ilydriodic  acid       .     . 

Ammonia      .... 

Sulphuretted  hydrogen 

Protoxid  nitrogen       .     . 

Carbonic  acid   .     .     . 

Euchlorine 

Hydrobroniic  acid      .     , 

FUiorid  of  silicon  .     .     , 
r  Chlorine 

Arseniurettcd  hydrogen 
j  Phosphuretted  hydrogen 

Olefiant  gas  .     .         .     . 

Fluorid  of  boron    .     .     . 

Hydrochloric  acid      .     . 

105° 

—  80 

—  CO 

—  103 
122 

—  150 

—  70 
65 

—  124 

—  220 

1-53 
2-87 
8-97 
4-4 

10 

82 

88-5 

8-95 
26-20 

2  54 

5-86 
6-90 

18-19 

6-16  at  10(y> 
4-00  at  63 

10  00  at  88 
14-60  at  52 
88  40  at  85 

26-90  at       0» 
11-54  at— 62 
40       at     50 
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TABLE  XXII.— LATEST  AND  EZNSIBLE  HEAT  OP  STEAM. 


T«p. 

LMflU  RmL 

8am  ••!  Ubnl 
■Dd»oiulbloUa>L 

T-Bp. 

UW..H-. 

■DdELriU.tb.t 

82" 

loea-fl" 

II24C" 

248" 

QSWC 

]187«" 

6B 

1067  4 

1135-4 

284 

914-4 

1198-4         1 

86 

I«54  8 

ll*)-B 

820 

S8W-2 

law  2       1 

104 

1042-2 

1146  2 

838 

8748 

1112-8 

140 

lOIT'O 

1157  0 

3T4 

849-0 

122»-6 

IH 

9792 

11782 

410 

8226 

1282B 

2tS 

QM'B 

1178'ti 

446 

7958 

1241  6 

RRQN.tDLT's   It 

uiui,TS.     t  GR3. 

^!£«M. 

T^p.™*™ 

»-".-   1 -s.'tt-jir' 

0-OOU 

o-ooa 

1-000 
8.000 

0- 
82 
212 
889 

1114-0°           1            1114-0" 
1091-7                     1128-7 
MC-a                     1178  S 
677-8                     I216-8 

TABLE  XXIIL— ePECIFIO  eRAVITY  OF  SOLIDS  AFD  LIQCID& 


PIMlnam  .  .  . 
Quid      .... 

m™^":  : 

Rhodium  and  PsEU 

Bi.inulh  '.  '.  '. 
Copper  .  .  . 
AracDJD  .  .  . 
Gt»l  .... 
IroD  .... 
Het»ria  iroD     . 

Zino  .'.'.'. 
AnlimciDr     ,    . 

Iwllas.    .    .    . 
licit;  ipu  .    . 
OricDUl  ruby    .    . 
T.ipM  .     .     .     .     . 
D>.inoDd  .     .     .     . 
Engrith  fliat-Kliu> 
Psriin  matblg   . 
Emerald    ... 
Penrl    .     .     .     .     . 
loslind  ipar       .     . 
CommDD  marble     . 

Cural     

QiiarU 

>g«W 

at.  Oubain'a  glmi  . 


Lombard;  poplur 


Naphlhn,  "light  oil' 
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TABLE  XXIV. 
VOLDMK  ASD  DENSIIT  OF  WATEE.-BY  KOPP. 


VtaamrotWtUt 

Br  OT,ofW,l,r 

T0lOl»DfW.t« 

Sp.  Or.  of  W.Uiir 

a 

(.100-1). 

(.10=-!). 

(.l*"-l). 

(UIP-l). 

lOOOOO 

1-000000 

1-00012 

0-9&9877 

0-991>96 

1000063 

1-OO007 

0-999980 

0-99991 

1-000092 

1-00008 

0-099969 

0-9098B 

1  000115 

1-00001 

0-999902 

0-90988 

1-000128 

]-00(K10 

1-000000 

0-99988 

1-000117 

1-00001 

0-B99904 

0-99990 

1  000007 

1-00008 

0-900973 

0-99994 

1-000062 

1-00006 

0-999989 

0-99999 

1000014 

1-00011 

0-9908BO 

1 -00005 

0-909052 

1-00017 

0099829 

1-00012 

099987e 

1-00025 

0-999768 

1-00O21 

0-990785 

1-00034 

0-909664 

100031 

0999686 

100044 

0909562 

1-00043 

0-999672 

1-00065 

0-990449 

1         14 

1-00056 

0-999445 

1-00068 

0-999822 

1-00070 

0-999306 

1-00082 

0-999188 

100086 

0  999165 

1-00097 

0  999032 

1-00101 

0-998992 

1-00113 

0-098869 

i-ooiie 

0-998817 

1-00181 

0-908G96 

1-001  a? 

0-998031 

1-00149 

0-B98609 

1-00157 

0-908485 

1-00169 

0-998312 

1-00178 

0  908228 

1-00190 

0-998104 

22 

1 -00200 

0-998010 

100212 

099T686 

23 

1-00228 

0-997780 

100235 

0-9Q7667 

24 

1-00247 

0  90754 1 

100259 

0-907419 

26 

1-00271 

0-997293 

1-00284 

0-997170 

1-O0296 

0-997036 

1-OOSlO 

0-996912 

27 

1-00319 

0-096767 

1-00887 

0996644 

28 

1-00347 

0-996489 

1-00866 

0-996867 

28 

1-00376 

0-99B202 

1-O0893 

0-996082 

80 

1 -00406 

0-996908 

1-00423 

0-395787 

36 

1-00670 

40 

1-00758 

45 

100964 

GO 

101177 

66 

1-01410 

80 

1-01660 

GS 

1-01980 

70 

102-J35 

76 

1-02641 

80 

1-02858 

S6 

1-08189 

BO 

1-08540 

96 

1-08909 

'" 

1-04299 

1 

■ 

1 

■ 

■ 

■ 

■■ 

3 

fiBS 

APPENDIX. 

TABLE  XXV. 

M 

UOMPAKISOS  OFTUKItKOBKESOK  UBACME'S  UYDROMBTER  WITH          | 

TUB  BKAL  SPKOIFIC  UKAVmf. 

1 

A. FOB  U4DIDS  KliTUB  IHiN  WATER. 

Bf*^ 

~r-    „"KS?. 

DV-* 

l>cg«- 

aj. 

KMX) 

20 

1-162 

40 

1367 

60 

1-052 

1007 

21 

1-ieo 

41 

1-869 

Gl 

1  -OTO 

mis 

22 

11 HB 

42 

1  381 

62 

rfi89 

1-020 

26 

1-178 

43 

lBi)6 

63 

iToe 

1027 

24 

1'18B 

44 

I  ■407 

64 

1-727 

HIM 

26 

1-197 

48 

1420 

66 

1747 

1-041 

2tt 

1-20H 

46 

1484 

6H 

1-7G7 

1-048 

27 

1210 

47 

1  448 

67 

1-788 

1-066 

28 

1-226 

48 

1'4D2 

68 

1800 

HWS 

a* 

1286 

49 

1476 

69 

1881 

1070 

80 

1246 

60 

1^490 

70 

1864 

1-078 

81 

I-26B 

61 

l-m 

71 

1'877 

1()8o 

32 

1-2U7 

62 

1620 

72 

1-900 

l-0»4 

S8 

1277 

68 

1-586 

73 

1-924 

1  101 

84 

1-28B 

64 

t-SGl 

74 

1^9 

1-109 

S5 

1-299 

65 

1-567 

76 

I'«74 

1-118 

86 

1-810 

5« 

1-688 

76 

2-000 

l-12fl 

87 

1-821 

67 

1-600 

1134 

8B 

l-33» 

68 

1-617 

M48 

89 

1-845 

60 

1-484 

B. — ro«  LIQUIDS  liuhter  than  watih. 

D.«r«. 

anilljr. 

I>«n«. 

i^z 

Dqr«*- 

GntllJ. 

DflM. 

10 

1  000 

23 

■918 

86 

849 

49 

■789 

12 

988 

24 
26 

913 

■907 

87 

8*1 
8fi0 

60 
61 

■786 
■781 

9S0 

20 

■901 

89 

BS4 

62 

-77- 

14 

978 

27 

-890 

40 

830 

68 

■778 

15 

9(i7 

28 

■eao 

41 

826 

64 

-768 

in 

nuo 

29 

-8B6 

42 

820 

66 

•764 

17 

S54 

SO 

■880 

48 

816 

66 

-7G0 

18 

948 

31 

■874 

44 

811 

67 

■767 

942 

32 

■■869 

46 

807 

68 

■758 

fflj 

936 

83 

■mi 

4S 

802 

69 

<;40 

21 

980 

84 

859 

47 

798 

60 

-74S 

22 

-924 

86 

■B64 

48 

■7B4 

■ 

■ 

^B^^H 

n 

m 

■ 

f 

PHYSICAL  TABLES. 

n 

Wf 

TABLE  XXVI. 

r 

TBNBIOS,  VOL0ME,  AND  DENSITY  0!  AQUBOHS  VAPOR. 

I 

1 

OfVllM. 

T.a*,ii 

VOIUIM 

"■^m'to'of 

■ 

T.I«Ho 

B.pi™«<!bj 

CHUpI'd  hj  > 

moulumnor 

1 

AUB 

»Tb,»t. 

.«]>»,  In  rable 

1 

0" 

0-0060 

0-00460 

206-222400 

0-00487266 

17-88 

0-0200 

0-01620 

66-144060 

0-01 61 2517 

Mfl'37 

^" 

OO4O0 

0-08040 

34-864490 

0-02909000 

88  80 

IV"' 

0-0500 

0-08800 

27-862630 

0  03S9O3O7 

37-88 

A" 

0-0626 

0-04760 

22  578810 

004430600 

42-66 

Ivor 

00833 

0  U6880 

17-232270 

0-05803876 

46-25 

Aw 

0-1000 

0-07600 

14-515040 

006892666 

60-60 

0-1260 

0-09600 

11-769500 

0-08406800 

53-35 

0  1428 

0-10867 

10-891950 

0-09622000 

56-63 

0-1 666 

0-12666 

8-096440 

0-11119280 

■. 

6040 

or 

02000 

0-15184 

7-682970 

0-13185987 

■ 

flS'Sa 

or 

0-2600 

0-19000 

6-156670 

016240770 

■ 

81-73. 

or 

0-6000 

0-38000 

8-227120 

0-80988570 

■ 

92-18 

or 

0  7500 

0-57000 

2-216120 

0-46141000 

w 

100- 

1-0000 

0-76000 

1-696OO0 

0  59130000 

■ 

100  38 

1-2500 

0-96000 

1-380541 

O-72430O00 

■ 

111  63 

Uor 

1-5000 

114000 

1-167228 

0-86U70000 

p 

116-50 

l|or 

1-7500 

133000 

1-012619 

0-B8752500 

w 

120-64 

2    or 

2  0000 

1.52000 

0-895462 

1  11571700 

121-89 

2tor 

2-2600 

1-72000 

0-79808S 

1-25306700 

127-88 

2*  or 

2-5000 

1-90000 

0-729408 

1-37087500 

180-98 

2!  or 

2-7600 

209000 

0-668368 

1 -49620700 

las-ai 

3    or 

8-0000 

2-28000 

0-616697 

1-62088400 

186-72 

R    or 

8-2500 

2-47000 

0-573676 

1-74840000 

189-29 

S    or 

3-5000 

2  86000 

0-6846B4 

1  86582600 

141-72 

3-7600 

2-85000 

0503167 

1-98781800 

144- 

4    or 

4-UOOO 

3-04000 

0-474320 

2  10828500 

146-28 

41  or 

4    or 

4-2600 

8-23000 

0448860 

2-22780000 

148-44 

4-6000 

8-42000 

0-426008 

2-84683800 

160  36 

4    or 

47500 

8-61000 

0-406607 

2-46606600 

162-26 

5    or 

6-0000 

3-80000 

0-386960 

2-58417600 

15416 

61  or 

5  2500 

3-00000 

0-870170 

2-70185200 

155-94 

64  or 

5-6000 

4-18000 

0364778 

281226050 

157-04 

5ior 

5-7600 

4^7000 

0-340660 

2-93460000 

159-26 

6*0 

00000 

456000 

0  827T79 

8  06078500 

165  40 

7    or 

7-0000 

5  82000 

0-284988 

3-60930700 

170  84 

8    or 

8-0000 

6-08000 

0-252428 

8-97063600 

176-77 

9    or 

9  0000 

6-84000 

0-226771 

4-40770000 

1 80-30 

10  or 

10-0000 

7  60000 

0  206248 

4-84844400 

184-60 

110000 

B3601I0 

018I>I89 

5-28826000 

188  64 

12  or 

12-0000 

0-12O0O 

0-174952 

5-71425000 

m- 

12-4250 

0  44300 

0  1611437 

5-!)l  142800 

105- 

13-8160 

10-52000 

0-158660 

6-60428600 

200- 

15-3660 

11-68900 

0-138717 

7-81716600 

1 

230- 

27-6840 

20  02600 

0-088116 

1208722000 

■ 

fc 

^M 

ANSWERS    TO    PROBLEMS. 


Id.) 


Prob.  1.     Ad«.  (q.)  U7Ma-lB  7di. ;  <».)  1-031  Incbu ;  <c)  O-OStSTOTS  ineb  f 

;  (a.)  JO'ftZl  kil». 

;  [6.)M  giillooi; 

(i.)  M-738a  Anwr.  ineheii    (c.)  SS'SB 


Prob. 


Prob.  2.     Ad».  [a.)l'39fl9TmBi™j  {b.)  lISl-MftS 
i  (A)  (ST  met™.. 

b.  3.     Am.  (a.)  1  litre  and  T03-2&8  oabio  cast 
(«.)Sl-T8361itrMi  (d.)  0-01231931  pint.     " 

Prob.  *.     An«,    (a.)  O-OSiBO 
melrca  ;  (d.)  6403-48  Amer.  jt.i 

Prob.B.     Ans.  (a.)  4I58-143BsabiccsDtliiietrDs;   (A.)  454 19- 
mslnsi  (<,)D-I(ll8j;i>llan. 

"  ;bli  foot  per  aceand. 


Prob.  t 
Prob.  T,    An. 


D  X  -  f«l- 


Prob.  ».     Am,  Al  an  angle  of  36°  S2'  12"  iri^  tbs  sompoi 
TulMity  =  6. 

Prob.  10.     Am.  Sixiedof  A  =  Jg  ofapMil  ofB. 

Prob.  11.     Am.  Veloeit;  =  180  fast  per  Kcond;  dlatuice 

Prob.  12.     Ana.  30  fmt  par  aecoud. 

Prob.  13.     Ana.  RetardntiDii  ^  !5  faal  par  aaaaDdj  dlatani 

Prob.  14.     Ans.  tbU2^  Iba. 

Frob.  15.     Ana.  31,260  TmI  per  accond  or  5.9  mllss. 

Prob.  10.     Ana.  It  irould  not 

.  144  feet,  9  inchoa. 


=  3131tMt. 


oa.  3  at 


inda. 


Prob.  19.     Ana.  If  * 

repnaent   Ibo  l 

»igbt  of  Ibe   Ion 

irad=/^ 

Prob.  aO.     Anji.  IT  . 

npreaenlB   the 

TDCtiral    Tflloeit7 

Prob.  22.     Ana.  3«a'0.<>  feet. 

Prob.  23.     Ana.  Mi  feel. 

Prob,  34,     Ana.  Height  of  hTrdga  ™  1( 


lime  required  ^  1-4  teDDndi, 


IIP 

AK8WSRB   TO   FKOBLIUS-                                                  ^H 

692 

Pr«b.3S. 

An 

4I)1A  r.!.                                                                            1 

Prob.  M. 

Ad..  VBlorit,  -  SV  X  '  ••""i-  "f  "-»»  •»*  "h«»-                         ^ 

Pmb.  VI. 

soru  ftek                                                        _^^^^m 

Prob.  18. 

siiMviid*,                                                        ^^^^H 

Proh.  M. 

V«'7S  liHt,                                                                                  ^^^^H 

Prob.  m. 

103-31  nils*  |»r  bout.                                                             ^H^H 

Prub.  31. 

Tho  tnij,  nonot  uciund  taefa  •  grade  nrltbont  maraiUua.'    n^^H 

Nonld  raquin  u 

iDltid  »I«)1T  or  A4  Bg  mile  pn-  bour  lo  DTeroomo  nch  k  grul*.        V 

Prab  ». 

Ahl  JflA'«»  Ibi.                                                                                                    ■ 

Priib.  SS. 

3'S2»  lb).                                                                                                      ■ 

Prob,  K4. 

An 

^  Tirol!*  lime*  il«  pre»nt  rtloaty.                                                        ^ 

Prob.  SS. 

8-43  rcTolutiaof  por  locond.                                                           ^M 

Prob.  M. 

Ant 

1-74  .^on.1..                                                                                                ■ 

Prob.  »T. 

Ad 

.  311  r»t.                                                                 H 

Prob.  S8. 

An 

.  O'BB  looond.                                                                                                  ■ 

Prob.  S9. 

.  1-003  Konndi,                                                                                             ■ 

Prob.  40. 

An 

At  Now  York  ,  =  rt  =  SJ-USSBO  ftnt.                                              ■ 
At  C.p.  Horn  j  =  ,>J  =  32S0fiO8S  r«t.                                              ■ 
At  Bo.toD  g  =>  KinorS  (1  — O'ODSsg  doi.  31)  =  31-IStn«4  (L*          ^ 

AlNo-Orl««i.ji= '         ■'         =1312aTi7ft« 

A[8iockbaln;=      "         "         "        "         =3><IIIQ0tft.* 

Prob.  41. 

An 

-  3'  =  M 

Prob.  41. 

An 

13»l<)>»r«!t  =  3'S4mllM. 

Prob.  43. 

31083  fM>l  =  fi'SSmU*i. 

Prob.  44. 

S4-I17  iHOndi. 

Prob  44. 

1.  3b-  ia'43"-Sor54''4fl'  W'-i. 

Prob.  IB. 

Au 

.  7.1B  36  roet  p«r  HMODd. 

Prob.  47. 

m  tlmo.  Kr«t«r. 

Prob.  48. 

.  S1<21niil«rp«haaT, 

Pr«b-  40. 

A.  1  to  !1. 

Prob.  SO. 

An 

Mhet. 

Prob.  il. 

Ad 

A.  1  to  rjj. 

Prob.  S2. 

.  If  fMt  from  th«  tm^Iltr  wrigbL 

Prob,  S3, 

.  Under  tha  wt\fbt  T. 

Prob.  S4. 

Au 

US  Ih.,  and  T9  lb.. 

I'rob,  ii. 

An 

At  one  poinl  R]  cwt.  .1  Ihe  oth«  !0i  rwU 

Prob  b«. 

An 

Pmh,  B7, 

An 

40  Ibi. 

Prob,  M. 

DLmelB.  ofulo2J,  inchei. 

Prob,  69. 

82,S,  lb>. 

Prob,  efl. 

An 

ISOcwt. 

Prob  81. 

An 

1382-4  tom. 

Prob.  St. 

4970  Ibg. 

Prob.  BS. 

An 

Si  BWL 

Prob.  64. 

An 

60  lb*.      . 

Prob.  Bl. 

An 

Prob.  Bfl. 

An 

A  ponrDqunl  to  S  cwL  -oiild  bnluiN  tb*  tnin,  bat  »mt 

■dditioDkl  fbrce  I 

not.  eoniidercd. 

Prob,  B7. 

An 

67flSS  SB  tbi. 

•  Appro.im.W  vjQoi,     8«  J  90. 

S   TO    rROBLEMH. 


I 


Prob.  n. 

An.-  l-.19r4  liniM  gr™i.r. 

P™b,  73. 

An..  U  9*  mile,  per  Uur. 

(nunroei;  k 

t  ill".  1386S.«  liilDgrmuinie<  ;  .t  m",  1229.  87  hil..Br.m.mM. 

Prnl..  TS. 

An..  At  50°  >  rod  bsTing  a  locilon  of  one  *qniiro  millimetre  wuoW 

b*  eluDgattd 

P)Vl    It. 

Aat.  DdDhle  the  weigfai  in  ibe  first  eua. 

Pr..b.  TT. 

An..  8iit»ii  time.  »  moob  »  it  tha  bMm  w.ir-  ■■■i^ur.^d  j.1  one 

M<l  ana  Iha 

■eigbl  applied  at  tbe  othi>r  eilnmlty. 

Ptob.  78. 

Ana.  TemperKl  »t»ol,  SS3+»J  to  7S1B7B  Lbs  ;  uuiempored  lunl 

Ha.l  f  U)  niSB'T  Ibi. 

Prob.  79. 

Ana.  D-07  incb. 

Prob.  CO. 

An.    349B'8eib).  toS7S4-T11b.. 

Pr..b.  81. 

Am.  15-474  ton.  H.  18-M8  ton.  nf  21)00  lb.. 

Prob.  82. 

An..  Cou.idoritie  the  end.  leeured  bj  nniun  with  tbe  entire  .[rme- 

iur»,  tha  bi 

hul  msrclj 

i>|>p.,rled  on  tbe  piora,  tbe  breabing  w.ight  =  USS'OU  tnn.. 

Prob  BS. 

An.    If  tbe  end.  are  »eure!y  r»teniMi  (be  working  load  =  i32'Bf 

Prob.  81. 

An..  iSO-SB  ton..     Sinoe  tbe  enlire  .trucluro  form,  h  eonlinDOB. 

lob<.  the  en 

Prob.  flS, 

An>    iB43  ton.. 

Prob.  8S. 

An.    r  =  i-8Sa79  feet  per  .econd  i  «■  =  8  97579  fool  per  .oeond; 

«  =  BJi  f« 

Prob  87. 

An.,  m  =  71«i'. 

Prob.  8B 

Ad.,  r  =  on. 

Prob.  8S. 

Ana,  li3  feet. 

Prob.  W. 

Aaa.  r  =  -J— . 

Prob.  St. 

Ana.  25-8  feet. 

Preh,  01. 

Ant.  84-8  fHt  par  .eeond. 

Pmb.  9S 

Pr»b.  H. 

Ana.  SpeeiGe  gravicj  ^  I'O-IB?. 

Prob.  95. 

AU)    0.5733  of  neubifl  incb. 

Prub  98. 

An..  The  pre..ure  =  P  X  J 

Pr<.l>.  97. 

Atii.  PrcMure  :  Power  =  10S0  :  1. 

Prob.  08. 

An.-  ProBsoro  un  the  bolWm  =  Ibo  weight  of  tl>e  Iniuid  ■-=  n-Uf 

lb*  >Diii  Qf  the  prt.H.r«  un  the  four  sidoi.  ■ 

Prnb.  09. 

An..  0-5773  «,  0'2392  a,  and  0-1835  <•. 

Frnb  lUO 

An..   P:  P'  =  l!2. 

Prob.  ini 

An.    Ai  the  height  of  tbe  cylinder  Ui  iu  rxclini^. 

P,-\.   Wl 

An..  PrjMure   of  walar  =    IIOI-S   lb..;    prciiro   of  uiorcur.' 

=-  7-49BNS  turn. 

Pp.b.  1U3 

An..  I,ef  R  =  pressure  an  the  Iriangleo,   tbe  r>re»an  on    the 

bjw  boli-t  reakuDBd  »  Buitj.     Then  :-K  =  i  J  1  +  *",'  .j- 1  J  I  +  :^, 

1 

a 

1 

■ 

■ 

0»4 

0    I'KOBLEMa. 

J 

Prub 

10-L 

ns 

;j;jg  I    ^„_  _,    10 

u:  ibj. 

Pfub 

lOi.     Am 

1 '831123  fact. 

Prob 

1D«.     A»< 

It-t  1  OK  him. 

Prdh 

107.     Ad 

SOOIbL 

Pn.b 

ms.  ar> 

0-087II9  X  gi"" 

»«tgbloflh. 

run. 

Prob 

ig».    An 

11511228  Dunmm. 

Pmb 

110.     Am 

Oold  =.  IS'8102  u 

anM>,  liWer 

=  8-181I8  onn 

Prob 

lit. 

*D 

Thowtdltionotla 

])>•  of  lokd  ■ 

ighU  under-. 

tor  10, .rod™ 

dalllb 

iomih 

Il»ti08-Slb>.  ofir 

Doicial  ■•M. 

l'r..b 

112.     An> 

&-0742  Ibi. 

Prob 

1!3.     An* 

O'OOaS  di»n*t*r. 

Prob 

13S-tUI7  onbto  iuoh 

Prob 

lis.     Adi 

S4'1832oubiflf»t. 

Prob 

ll«.     Arii 

47Si3a(on.. 

Piob 

Pr..b 

118. 

0-982S  feet 

Prob 

119.     Am 

Volnme  of  B  =.  47BS-3I  Bnblo 

1nche>  =  2-7 

5  enbio  (eti 

(bolh  o 
Prob 

120.     Am 

.d.plhoftw«.t; 

gpMiflo  grittUj  = 

feol  below  lb 

Prob 

lit.     Am 

Speoifio  Kravil;  o 

n  =  7'2«8. 

Prob 

BpeeiBc  gr».itj  = 

=  3-SOB.V 

Prob 

1S3.     Ad> 

Spodfio  gr.Tilr  o 

flbe  Bnt  = 

2  8  !  tprciflo 

•HDod 

=  1-0(1 

a. 

The  Tolames  of  the  two  bodkt  . 

re...  1  to  N-a 

Prob 

IM,     Am 

Speoifie  graritj  = 

=  8-13. 

Prob 

Spcciflo  enTit7  = 

=  -B3J. 

Prob 

128.     Am 

23'3S&  g>llam.     Tbeonliosl  -W 

iihiirgo,  37-7I8 

gJlonfc 

Prob 

1S7.     An. 

Aolniil  ruga,  Ifi- 

BTfoeL 

Prob 

AclQll  ICI0CU7  = 

OMaS  tb*ur 

ti«l  .eloti.j 

Prob 

129.     Am 

10130217  gtlloM 

Prob 

130.     Ao. 

.<I8.4S0  gulloni,  or 

81 A  hogiliekd 

■ 

JVol. 

In  lb 

fo 

muU,  e  =  20-8  .^ 

I  giTO«  D  in 

the  .4 1< untitles,  //,  ,1,  ud  (,      ^| 

mrelo 

H)Uk<in 

iu 

melrei,  Hnil  the  rean 

cubio  atina  f 

ur  tHond. 

Prob 

131. 

■» 

9^■Vi&  feel. 

Prob 

If  tbo  Mine]  heiEht  of  Uio  mMCorf  ii  1  inpb 

(he  belgbl  «( 

thtiic 

hot  »il 

b.  22  SB  iuDbea.  diBen 

DOB  of  level  ! 

I  ■OS  inrhoL 

Prob 

138. 

D> 

9308  milBB.     Thi 

l.|»orjl7J. 

Pcob, 

184.   ; 

Prob 

1S5.     I 

UJSSIb*. 

Prob 

139. 

a» 

O'OJBO  ernin. 

Prob 

137.     An. 

460-004.17  gnini. 

Prob 

1S8, 

CoiiMiljofthogl 

ho  =  HS-62 

Pobrn  feet;  , 

L-ciflc  Er.TU, 

ofg« 

=  O'OTO 

Prob 

139. 

si-Tsre  fool. 

Prob 

HO.     / 

SSfeeL 

Prob 

141.     J 

17-98  feet 

Prob 

lit.     1 

0(155  83  r«L 

Prob 

143.     i 

with  illumi 

alitig    gas,   3 

iS-lSn?    lb.; 

■aeaaii 

llh  hjdrogcn,  4730 

U3lb*. 

Prob 

144. 

The  Bondilion.  of 

thb  nrohlBiB 

reuuiro  U)«l  lb«  ■eicbl  «f        H 

tbo  bll 

■i 

Id 

1 

bti  Doibing,  ur  Ibai  iho  hnllMl  iboold  hkT*  u  ■muuikui    ^B 

Pn.b.  ITT. 

Am 

8  ninulM.  UTB  «™ndi 

Prob^  ITS. 

4«  jw.  tli  iUr>,  10  ho 

Pr.  b.  IT*. 

A.  1  u.  H. 

Prob.  IM. 

Am 

Ml  p.r  »nt. 

Pwb.  181. 

»'Hi  vuidlx. 

Prob  182. 

Am 

ii'4a<i»><ii*>. 

Prob,  19S. 

Ad( 

m". 

Pf«b.  134. 

Ai.. 

18.  iudiKliiiglhoDhJecIi 

PmIi.  IflS. 

Am 

<,«,  m.b«. 

Prub.  188. 

Aii( 

iVlD^boO. 

Prob.  18T. 

An> 

-  =  '■  i/i. 

Prob.  I«S. 

Aoa 

On'ba  •Bd  ■  bitf  till  d! 

nrboe. 

Prub.  1S» 

Ad. 

M'  49'  I",  irh*!!  Ibt  .50 

Prub.  luo. 

8  TMt,  S  IncfaoL 

Prob.  IRl. 

Ami 

Prob.  1B2. 

Am 

AluluWnceof  2-JTI  fee 

•a  th>  Mua 

idBU 

the  ndiaal  puiuU 

fact  rram  th«  roftiuting  surfwn,  afld 


Prob.  1V>, 
Pi..b,  107. 
Pr^'b.  ISa, 


Am    On  ihnoppciaiMildear  iLoInn 

Am    r  :  >  1=  10  ;  311,   (Iie  surTw  of  ihorur  c 

i  (Jusllsl  nfi. 


r>DUTu-plmn«  leni  «r  Bim  glai, 


Prob.  »l. 

Am, 

r  =  0 

44S  Inobo*, 

1  = 

—  l-2SSii»-hB.. 

I'tob.  WZ 

tin...  (bo 

gbt 

rwciied  bj  the  n 

iJteil 

IJO. 

Prob.  Jfl3. 

Arl 

Illimi 

"-''"« p"* 

S8!88a  ;  ponelrtl 

ng 

pow* 

=  Mri 

Prob.  SUS.     Am.  Tbo  illumiiiKtiag  power  gircn  b;  lad"  aptrlure  it  1|  UoiM. 
Kod  Ihg  prBStrnting  pooer  1)  tltaea  u  great  ■■  lb*l  givBii  bf  1110°  (pFrHir*. 
Prob.  !0«.     Am.  CroHO  gliua,  U'  43'  10";  pkte  glwl^  £«>  Sfl*  ;« - ;  linl 


Prob.  301.     A  1. 


+  U9 

— 

-30 
+78 

^ 

+M 

+  184 

+B0 

+J1 

+  412-4 

+m 

+  1»3'4 

+  7T1-8 

+411 

+a28-a 

+S77 

+S2i 

+  4M 

-j-a733      =t    +J3aa-B 


+300  = 


-I-28B 


.„..        t          -.. 

icr, 

MOT. 

Irun  .     .     . 

3ft.lB9(J(ISin.    3fLl-M3761ii. 

3ft.!00*23io. 

3  ft.  3-01248  in. 

3  (t.  I'SSUa  in.   S  ft.  1-99010  in. 

3ft  3-00984  In. 

3  ft.  S'0I968  in. 

Copper  . 

3ft.l98SS0in.    3tl.l-9B09Sin. 

3ft.2-00VOOin. 

3ft.a-01SI2in. 

GlM.      . 

3(l.l9»M2in.    3ft.l-ll9i78ln, 

3ft.2-ll0i03in. 

3  ft..2-O0B70  in. 

Plutinum 

3  ft.  1-99!i3  in.  I  3  ft.  1-99S33  in. 

3ft2.004Se>o. 

3fU2.D0u:i3iii. 

Silier     . 

3n.l-983STiii.l3ft.l-9B992in. 

aft.2-010fl0in. 

SO. 2 02914  in. 

Frob.  SIS. 

Am.  1-0I)2BT3  EalJona. 

Prob.  214. 

An8.  DIM  inch. 

Prob.  21  i. 

Am.  4I<'-6I  FithnntidlL 

Prob.  216. 

Ai«.  O'OITZS  Id. 

Prob.  317. 

Aoi.  Al  LandoQ,  iU»l  92'9337S 

iu.;  brui  53-79 

■M2  in. 

Prob.  IIS.    J 

tB'l7T8in.:  (G. 
Pr(il>.319.     I 

19539  in. 
Prab.  320.     J 
Prob  321.     i 
Proli.  222.     / 
Prob.  32.1.     1 

anlU;  alcobol, 
A'uft.     Speoii 

orelhiir(Bp.  Gi 
Prul>.234.  i 
Prub.  32S.     J 


At  Pui>,  itMl  92'9U8a4  in,;  bru*  &3-778ei  Id. 

At  NcH  lark,  tuel  93-84311  in.;  brwa  U'T40T3  In. 

At  St  Pelanbnrgb,  atMl  93.D04S3  Id.  ;  briu*  £3-83434  in, 
na.  (1.)  30'9T5T    in.;    (3.)  39'430TS   in.;    (3.)  37'3»T5iD.j    (4.) 
33-158  in. i  (fl  )  24-581  in.;  (7.)  IT-422S  In.j  (8.)  15835  in. 
ni.  (1.)  21-09S3  iD.;    (3.)  37-58513  in.;   (3.)  3S-71G2S  in.i  (4.) 

Di.  113688  gruiot.     (CmlcnlsUd  bj  T.bis  XSIV.) 

ni.  133'>-75,  245°-5,  ind  3SS'>-25  ftboic  in  priTioui  Ismpcratore. 

na.  1220-357  cubic  CeeU 

D>.  Wkier,  5500  unUa;   (ulpbur,  724-5  aniW;  chveoal,  9811-7 

e  hut  of  chuco^  =  D'24I5 ;  of  aliiohol  (5p.  Or.  D-Bl)  =  0-7 ; 

.  0  7S)  =  OBB, 

na.  OS"  530  Fkbrenbelt. 

.Di.  4}  Iba.  at  200°,  und  15}  Iba.  >t  60°  F. 

na.  S8°-39  F. 


e  aoiti  of  be&t  (m  In  Table  XV.). 
ip«»ture  of  tba  wmtcr  waa  riiasd  lo  53°-UB  F.  instead  Dr30°'7S  C. 

,  27  879  uniti ;  for  hjdrugaD,  0  8235  unit' of  boat. 
11.  3903  M  uniU  of  beat     B;  Ubie  on  pagg  451. 


liWKKS  TO   PEtOULKMf. 


an)  ail  or  (u 


wlphur 


Prcib,  J3T.  Am.  TsntinD  nf  v.por  uf  uBirr  nt  S(l»  P.  =  0-3iB  in.  mirrcDcT; 
»tT6''  =  0-88*io.;  M  110'  =  2'&SZ  in.;  ■117*°=  IS>«?3  in  :  «  l!tO°  =  3S-0« 
in.;  U  tCi"  =  7t-t\9  ia.;  il  30O'  =^  lS«7a  incb»  nrmenurj. 

Prob.  I»8.  Ant.  Bulling  pninu  af  wUer  ■!  the  lirin  piHaam  ^  21-1°  Sgt, 
:il<>-TUa,  IIO^'ISI,  IOS°'e?S.  10T°'0aS.  300<>-M  r.  Boiling  irainu  of  fthcr  at 
tho  ■una  proHuraa  =  Hi'  TB«,  VS'  7!,  «2''-83,  gO^-SS.  8»''-8S,  81»-M.  Balliuf 
point!  or  ftleobol  U  tbg  hido  pminrai,  lTi<>'33,  lTa<>-Sl,  iri°-34.  leif-SI. 
IBS"  SI,  IBS"!!. 

Prob.  I3S.  Am.  ir  Ibe  UmpirBUini  it  not  mllowsd  to  chui*.  «  pari  of  lbs 
■U*m  sill  be  oontlenwd  nod  tbe  lepiioa  will  remkin  UDohuigsd.  In  Ibe  leoobd 
cue  the  lanalon  oill  bn  rixliired  to  odd  itmnripbera. 

Prob.  140.  Aui.  *bT  F.  1u  4n0°  P.  TLis  tenaiun  eiCMdi  tbe  liiaitg  for 
■blch  eiKiiirnU  dkU  kra  given. 

Prob.  141.     Ant.  12  fliH->. 

Prob.  143.     Ana.  15  Sues. 

Prob.  143.     Am.  Tbe  two  fuirei  nre  to  eoch  olbsr  u  I  U>  10-»Tt. 

Pnib.  Z4«.     Ads,  The  inlemitj  eqiiali  ,",  of  iu  original  foree ;  and  I.  =  IBr. 

Prob.  346.     Aua.  The  Inletiiiliei  aia  aa  I,  I'026,  imt  Mid  l->39. 

Prob.  Ue.     Am.  Tbe  inUsotit?  weald  be  iocreand  1-S  timei. 

Prob.  247.     Ani.  Tbe  iuteuiitj  ia  increuad  bj  aae.thinl  i(»  original  aaanDl. 

Prob.  S48.     Am,  The  in  (emit j  i>  inonued  bfiva-lhirdi  iU  origlnKl  amouot 

Pnb.  SIS.     Adi.  Tbe  InUuitr  'j  Isaraaied  In  MS  what  il  waa  befun. 


I  N  D  EX. 


[TBB  EKTKRUICtS  AMM  TO  SICTIOHS,  VOT  TO  rAOB8.J 

AutftATiojr.  cbromatie.  4A5:  of  glaM  eoreni.    Appendix,  metrorolof^,  M6;  addwida, 
510:   of  len*>c«,  464;  of  mirroni,   437;    of       6r>8:  phjoiral  Ubk«.  psfe  MO. 
rphrririty.  465.  Application  of  law*  of  &ilinK  bodiea,  7S;  of 

AUmlate  rtren^b,  170:  sero.  666.  lerers.  115;  of  peii<iuium  and  taemtvn  «f 

AliiorptiT6  power  f»r  hrat.  637.  i      tlm«,  84;  of  polarised  light.  563;  of  filiio 

AeramnUt«d  electriHty,  843w  tk>n,  abaorptk>o.  and   radiattoo,  610;   «f 

Acbromatk  micitMcope,  508,  511;  teloaeopea,        annew.  128;  of  wedge.  126. 

504.  Appreciation  ofrolora.  490;  of  distaoea,  iSL 

Acfartimatinn.  466l  I  Aqueoua  pbenomena,  972;  aolattoaa, 

Acouatka.  336.  '      mum  density,  604. 

AcouKtic  iib»low.  360.  '  Jrago's  experiment,  012;  polarlaoope,  567. 


Anion  and  reaction.  27;  of  a  fiJIing  body,  77.    JrehiwudtSf  thaorem  ct,  205; 
Anion  of  a  doable  conrex  lena.  447  ;  of  beat  '      206. 

on  matter.  666 ;  of  macrnetiam  on  lij^t,  919 ;    Arduutedaf  aerev,  296. 

of  »urfiiee*  upon  lieat.  635  Are.  18.  • 

Actual  and  theoretical  velocitSca,  144.  '  Areometcra.  212. 

Admptatir>n  of  eye  to  diataoee,  480;  of  power    ArteaiaD  wella,  204. 

to  weight.  110.  :  Artificial  magneta,  802;  taBperatore,  7S7. 

Addenda,  page  668.  J  Aiwent  of  liqaida  in  tabea,  239. 

Adh«>sion  dl«tingnlflhed  from  eobeaioii,  147.      ■  Astatic  needle,  787. 
Advnntage  of  fricti«m.  141.  Astronomical  teleseopa,  4M. 

Atrial  phenomena.  967  :  waTrs.  332.  Atlantic  cable,  927. 

Air.  buoyancy  of.  26H:  impenetrability  oC  259;    Atmoaphere.  256;  fnm  electricity  in,  861. 

in-rtia  oC  260:  pnmp,  287;   Tibrating  in  •  A trooapheric  electricity,  860;  a  aonroa«fh«t. 

ta(«a.  370.  :     747. 

Amal^m.  834.  '  Atmcwpberie  engine,  708;   magsetiaai,  800; 

Amalraniation  of  platea.  868.  I     praiHire,  257 ;  meaaore  at,  261 ;  mflaiffciaa, 

Ameritan  electrical   machine.  836;   turbine,  I     638. 

231.  !  Atoms.  20. 

Amorpbiam.  162.  I  Attraction  and  rcpalsion  of  U|^t  bodies,  SSL 

Ampere,  disroverira  and  theory.  906.  i  Attraction,  electrical,  812;  axparteeali^  811. 

Amazement  with  electricity.  840.  j  Attractioa,  magnetic  780. 

Anslofcy  of  light  and  heat,  766.  '  AtwtoiCt  apparatos,  72- 

Analysts  of  central  forora.  54;  of  color*,  458 ;  •  Auditory  organa  of  man,  303^ 

of  light.  456;  of  light  by  abaorptinn.  458;  !  AnguttM  hygrometer  or  paychrometar.  fiS. 

by  priama,  456;  of  trains  of  wheel-work,  \  Auroral  current,  rereraal  of  polarity  in,  1006L 

117.  ,  Auroraa.  994;  effect  on  telepmph  wlraa.000: 


Aoemomeiera,  960.  I     geographical  diatribotSon.  907 ;  height  «ii 

AneoKMcopes,  969.  frequency.  906;  magnetic  diatorfaanea,  906 

AneruiJ  barometer.  164.  I      remarkable,  906. 

Animal  electricity,  943;  beat,  eaoae  ci,  756;  ■ 

strength,  100.  ,  Babbaob^s  experiment  on  fHeUon,  140. 

AoneallnK.  178.  •  Back-ground.  476. 

Annde.  882.  |  AnV«  telegraph.  926. 

Aplanatic  foci,  600.  i  Balance,  spring.  37. 

Apparatos.  Atwood's.  72;  Bohnenberger's.  56 :  !  Ballistic  curre,  145 ;  pandnloB.  104. 

tut  enndeosatinn  of  gaaea,  600;  tot  diatilla-  ;  Balloons,  273. 


tkm,687;  Uloatrating  barometer.  304;  Mai-  i  BaHtii'i  mUl.  217. 
IcnFa,  642;  Morin'a.  72.  I  Bath,  tempering  by,  176. 
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^^■^H 

^^H 

^^^^^^^^^^r  ^^^^i^^^l 

^1 

B.r-i      -.   .        -.--'-'        'M          -.       .----     ..,      .1,1- 

CbmiMli'  (tMnlton.  iti. 

h.lV''"''-M">."-'''"-'^" 

'  "■""'; ":.;.  .,,^„,„^ujs 

B<iiMi».  t«H'.^  »;i  1  ttuwb.  »ru.  ...11  . 

»t«-v>t 

tm»K  n«n~  It  m:  teuml  •Imtlh,  it  . 

unthi.m- 

i     .       i...ttta. 

IUm0..t-  STB. 

.       ,                   ,ij„i, ..(.  b;». 

i.-.H>ip...ii r. .I.....  S3*. 

11**  bll..dnw.  4M) 

Il..,l-r  1    ,..    :                ,.,  ■      .l..r.  781 

''■'■■■                             .  .".''^'."'««;    Msbk 

pi.M»,tU:<>ruili>HiH->.i«i>i-4rML«M 

(V<«".C.  ii,„l„lll.-  11.unu™t1jr.  n«o. 

h™t  In,  ijg,                       *■         ■  ""■  " 

ll"?. . ,  1  m' "  ul ,  liVr  'I'r  1  JplJ^!  i 

Gt.n|M^iHrtui«-a.m. 

BnniHi  teniHrliw.  Ht. 

A..«.->M»«>m.>«.tlt. 

Biiivi»ror>ir.sM. 

Dunummu  ■nd  r.««lu»i*  U. 

B>io]r.M<rt>>UiuM>.a». 

CMar.Wait^»kll.  [I(hl  *4T 

c«i-«  •*««.  *w. 

l>«iditlHiii.'«ai  fBtUjhliiu'            '      ' 

■Mm  nf  luxl.  Til :  lnaiMii«l  b)  ourw  uf 

rufliiirwUB  uBitinv  r'fliHl.TW. 

C*iiHnvl.«n.6IT. 

Cniia>»  iHiKi  4» 

as3„-aK 

Om.ai'  nin<'n.4«r  IM  of,  )S-ui;  Imm 

^hjr  «a. 

Ctn-ix.  Ins 

ttlopW«.««. 

Uui.dHiB*  *f  Jtplnut.  Mi 

CmmIk  rarra.  *St. 

CuUmMR,  IK 

CuMt>N*i.«l>l;>kU. 

Cwin  iiraniii).  eo, «;  m  bnlie>i(H>iEqu>ii 

■uw.  flJl  i  D(  •ofld^  014,  «x<:  at  nul,  HI, 

it»iiilIy.aR;orrgKUl>rtl(u™.IUi  wtlhoot 

C.mdurHM,oflHnit,«I«. 

Ih..  1..1?-  w. 

Conjnowulrran,  GM. 

[>.u™  "1  hydro.t«\o  prmim,  1«. 

cvrn'rib'^l  t-lr^ir\priml  lhK»,  &:!. 

a>iiv>4k.D  if  N»l.  KM ;  of  ti.«t ii>  tkiBlAk  «:> 

OonTM  l>»Mi.  MT,                              ^ 

Ctalg  iHniii.  Btr 

OoBxi  ■>ilTr.>n  1W.U3;  iBUgH  tif.  U4. 

CUIIng  hj  r.dl..<..>,.,  .*i   ^     "■ 

SKi:';,rr::';U';,««. 

Ubirl  aflHllixl  inm  CM. 

Ck'inlcil  (tllDl';  ■Ml  iBDlfnitr  ■Ilnntmi, 

•00;  ™.l4MiWn,  ;«;  ■■■.b.  "T  lh«  ptk 

hl-Uirjr.  WS  ^  far.,.  6 :  «n«w  »t  ba.1. 74». 

(b..Jn.A  .ID  (oUtug  (rktlwi.  13»!  db  «WrUK« 

asK;cr.-,ir,»v 

(b..mtF->'>l«trlaUI>aK«IRlUn-«Ui«'><. 

OblHMia.  JnufUt  Id,  ;>;. 

1*4.                     .                              -            1 

CuIIdvj'  panden.V?. 

trknr,  »<ll  u 
hy  In,  fu. 

■    Cur>a.talll>tto.1 
2Ml  Df  liqulil  I 


iikv4(f  o£  SID;  pntluAd   ' 


iKlbl)l[}  oC  n 

.<!«,  •)[«(  dT, 
.M  bf  Ibt  IX1D 


CinrMdnl  pFIHlilKini.  « 
Iitniu.'i  rmiiitiini  tu>U>r] 


art  at  192;  HhMl  m. 
'  >>KIric  laltsrj,  SIR. 


;  Hxbt  ! 


I 


Ilva>IIT,«II;  itutiKHl 
Di"[>Ih  nf  wcTi-,  a*(. 

Datwuihiiilktn  Af  rvf 


nioond  J»r.  I 


nxlltallno. 
DJlblMril] 


tl»i  tbU  oil 


tlwmc  lliH:lllU■^  Hhcto  af,  SM ;  lo  TKUBBI, 

E><lr)i'l)iihl.prDnrtlai>I,rei>i  nmlntmot 
isii  Piullan ■Imnl •  niinal. 030. 
tl"lrl,-  ip.rk.  olnr  at  Mi 
tlMiric  >>trKn|ili,  ht'iaq'  of.  Ihil ;  MorM*!  i*- 

Uvlrlcllr.  nUKWiili-nn.  fiiio.  HI;  etimlal 

ReaUnn.Tlil  MHlDci.inAr.M4:  ilhrBiir|»< 


•cbanlal  ■lhfl%MT;  DnlTSD  anMrnr- 
'KSM;iir)ilnti^(U;  potlli* and  IMH- 

•>.  Bll;   Df  Ilia  m(r,  vr,:   ph>*li>lt«kd 
Kti.  MM!   Ui«rf4  of  81«i   i)u«?   af 


CiH.ol  w 


iKbufi  DC  SUi  rAeu, 
It  ■ADiTM.'CIOi   nnlnr' 


Klivlmrliflnloit  Irlriiniiili.  BM. 

KlntiHlliuiniri^nl.  tlu. 
HiirbMlriiHilA  ^nanl  l*i».  Kl 
KlnMraljnlii.  Ian  of.  HKl!  sf  miJ 
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Optic  axl*.  471. 

Optical  centre  of  a  lenii,  462. 

Optical  inxtruDitftitR,  493. 

Optical  toyis  488. 

OptU-s,  3tt7. 

Organ  of  Poole  and  AIImj,  376. 

Uri^iilc  RolutlouB,  OBuii>H)  III,  248. 

Organs  of  hearing  in  aiiioiNlft.  396. 

Ori»dn  of  t(»rre«itrial  heat,  746. 

Orl;{1n  of  undulatiuna.  2U9. 

Oscillation,  ccntn*  of.  83. 

Oi<ciliatiuii  iletined.  78. 

OsmoM!.  '244 ;  mn«litiouii  of.  246. 

IdnioMe  of  iuorgauic  iH>lutioiia.  249;  of  organic 

aoluiionn,  248;  dirvction  of  curnrnt,  247. 
OviTshot  whe«l,  229. 
Osoue,  869. 

Page's  rKVolvlnic  mafcnet,  914. 

i^ign't  vlliratiug  armature,  931. 

.HiraclMite,  273. 

ParMia,  637. 

Parallel  forces,  resultant  of,  46. 

Parallel<»)£rain  of  tt>rctMt,  4o;  of  rotations,  66; 
of  veliicities.  34. 

HueaVs  expt* rimenta,  194,  262. 

PaiMkWe  n^isiance.  136. 

Paths  of  vitiratlon,  311. 

Pencilit  of  light.  4()1;  refracted  at  plane  rar- 
facei*.  443 ;  at  sphericnl  Kurfarem  446. 

Pendulum,  78;  applied  to  meafure  time.  84; 
applied  to  fftutiy  of  gravity,  87;  hallistic 
lU4;  conipeiisatiiig.  6M(^;  cydoldai.  86;  de> 
monstratui*  n>taiion  of  the  earth,  86;  formu- 
lae for,  81;  is(M-hroni«m  of.  80;  length  heat» 
Ing  Mecondi*,  89;  physical  or  compound,  83; 
pnipositioiifl  rpffpcctins,  82 ;  simple,  79;  uxed 
to  uicaxiire  fon-**  of  gravity.  S8. 

Ponetratink;  power  of  mlrruscopes,  613;  of 
telewope.'*,  6<)7. 

Pennmbrs,  411. 

Pen'U-sion  a  M»ur<>©  of  heat,  740. 

Perfift  couconl.  o72. 

iVrAin/  appHmtux,  731. 

PerptftunI  motion,  Vif^. 

PhaM*!«  of  uudulations.  304. 

Phenomena  detuned.  2;  of  expanidon,  694. 

Pbiiosuphii-al  e^'g.  8.o2. 

Phosphoretren^v.  .'iUU.  6iU. 

Photo  electric  lantern,  884. 

Photography.  519. 

Photometers.  4n. 

Phy^ical  force,  6;  pores,  23;  optica.  627; 
Bourct'N  of  bent.  742;  tablet,  page  569; 
thei>ry  of  music.  li(\S. 

Phy^lc.'«  Hnd  chemistry,  9. 

Physiological  effe<tB  of  the  pile,  895. 

Piano  Rtrin;;!*  friable,  ISO. 

PIhoc  i^Ihs.h.  refraction  by,  441. 

PIhiiIn.  i-lectri«ity  of.  945. 

Plateau's  exp«'rinient,  200. 

PlitteM.  vibr.itloii  of.  ^\i. 

PlMtfunii  tvilnnce.  115. 

Pneuni.tlic  ink-bottle,  254. 

Pneumatics.  252. 

Polarity  of  compound  circuit.  878. 

Poltiri'/ation  anil  transfer  of  element).  899. 

Polarizntioii.  n'mo^pheric,  661 ;  by  abf^orption, 
545:  by  bent  and  by  compres»«ion.  6.S9;  by 
rette«'ti(»n.  .^4«»;  by  refrectlon.  647.  64S; 
cnlitrml.  555;  of  heat.  649;  of  light,  641; 
partial,  54U;  rotary,  666. 


Polarlaing  inatn  in«*jtfl,  W4» 

IHittl^t  muiIcA]  scale,  ^3. 

Porea,  physical,  23;  aeuHlbla,  9k 

P(>rwiiy,  23. 

PoMiiiw  and  negative  cryitala,  66L 

Poritive  eye-piece.  600. 

I\tuHUt's  galvaooDieter.  00&. 

Power  of  points,  eleetrica],  8^L 

Power  of  steam,  714. 

Power,  adaptation  to  weight,  110. 

Power  and  weight,  106;  mUtloo  o^  lOSi 

Press,  hydn«Utic  190 

Pressure,  atmospheric,  267;  centre  ol  197;  oi 
liquid  in  raotloa.  22»;  of  liquid  downwarJ 
191:  of  liquid  oo  side  of  TeMafl.  103;  ol 
liquid  apoo  eontaining  Teaael.  214 :  prodwcd 
by  impact,  112;  iranamitled  by  gaaee  2&6: 
tranamliuid  by  llqukla,  189;  varii'*  witli 
8p.  Gr.,  198. 

Primary  colors,  46ei 

Prime  seventh.  373. 

/Vince  Huperfs  drops,  178. 

l*rlntlng  telegrapli,  ir26. 

Prisms  and  lenses.  438. 

Problems  on  aoouKtica,  page  288 ;  on  dmstkitj 
and  tenacity  of  M>lid.<<.  paoe  146;  on  elec> 
tricity  page  667 ;  on  gravitation,  peg*  73;  on 
beat,  page606;  on  hydrodynamics,  pege  199; 
on  laws  of  vibrations.  |<«ge  261 ;  on  theory  nC 
machinery,  page  107 ;  on  optica,  page  392; 
on  pneumatics,  page  234 ;  ou  weight*,  mm- 
surea.  and  motion,  page  37. 

Production  of  waves.  319. 

I'roducts  of  combustion  and  rrspiratton,  718. 

Progressive  undulatlona.  300;  In  Uqulda.  330, 

Pro|ierties  of  matter,  genenJ  or  Kperifie,  6; 
physical  or  rhemlral.  8. 

Properties  of  liquid  and  atdid  gasea,  601;  of 
solar  spectrum,  460;  uf  solids.  149. 

Propoi:itions  in  n^gard  to  foroee.  42. 

Projectiles,  theory  and  laws  of;  1U3 

Pmuf  plane,  823. 

Pulley,  compound,  120;  fixed,  118;  movable, 
119. 

Pumps,  289-293. 

Pyrometers.  689. 

Pyrometer,  Daoiell's.  684;  DraperV  586:  8aa 
ton's  reflecting.  6X2;  VIetlgewiKid's,  683. 

Pyrometrical  heating  effecta,  762. 

QuAUTT  of  musical  sounds.  363. 
Quantity  and  Intensity  of  electricity,  866. 
Quantity  of  heat  fkt>m  friction,  736. 

Rain.  980;  snnual  depth  of.  983;  davaof,982; 

di.otribution  of,  981. 
Radix nt  heaL  intensity  oC  631 ;  partially  aL 

9orbed,  630;  transmission  of,  641. 
RudiMting  power  fi>r  heat.  638. 
Radiation,  of  cold.  634 :  of  heat,  universal,  633 , 

law  of  cooling  by,  632;  terreetrial,  746. 
Radiators,  steam,  732. 
Rsilway  illumination,  620. 
Rainbow,  636. 

Jfamaden^t  electrical  machine.  835 
Range  of  human  voice,  390. 
Rays  of  light,  401. 
Reaction  of  escaping  liquids.  217. 
lieaumur's  thermometer.  670. 
Recomposition  of  white  light,  46'. 
Reeil  pipes.  381. 
Regulators  of  electric  light,  884 


Dk>r>.   M>:   bI  liltal.  S. 


Imruliir  ntadluu  ef  llifat.  *lfl. 

ImhroBSH  TlbnitoBi,  wa, 
IndiFBUita  I  lull.  TUB. 


Vttt^<  — 

."wT 

>'™n* 

Ch:.;;, 

r....'  '.i'  !   i< 

'I'M 

t»  Bfmcii" 

InUlroDRU 

DDtlM 

iiS-iS:.'^ 

w^tU, 

401:  nfnobd  br  nn 

liDDOfbodki 

VyiMl 

BiMonarrlbnilDu. 

Mil:  t.MI}g).«N. 

UrtHwn™  *«.«». 

Ltohuiufc  no 

aum»aL«t\:ntjm 

«M. 

UmiUDrrliAl 

<dl7,  IM 

•rfiiucnii>ia-.ln. 

ion.  AM. 

.blllM  Xlftur. 

Lijdid  tH... 

u■^»u,,  1- 

■■„••* 

JE;;;: 

nt"^ 

.i«ib-'"  1 

V";:: 

;;^ 

■IWIV  I"  - 

Mrt™'..;.'... 

^^'.w 

■nut  lOT, 

Ktflr  linUrn,  Hi-.  IDIDirM.  Ml.  AIX:    Ol 

MWMHr«nr»«l"ii»iidni[iiililini,T»0;™rw«,  Kanpuri 

TT7i  Up  or  QMdU,  IBl:  •kcUlFllj.  n4:  ilH;  pU 

fliaiTt.  ;T8 !  Ibm,  dlairibatloo,  HO:  Ihm.  MllllaiFln' 

UDnnr.:M>;  indiKtinii,  ;n3  :  Intenill)'.  TM !  JtlouUill' 

-  -■-■--     ■--.;   BHdlo,  776,  IW;   otHHTX-  MIngKM 


IS  TB9: 


k   Vt^uHiHl  farm*  r^crjtt^l 
.   JioduliHofsIutHtr,  IM 


dB  Italy  tuiollDW  Id 


tfiillnn  Douiiiaiikat«r bf  DdlMso. 


Hicnrbxili-etrtclt]'.  M8. 

HudtLs  ■numiJalu.  !T>:  utiDrl 

AelRHiiii|naU>ii.M6:li|rU>ad  .... 

nHmABaa!  di>pr<nd  Dfpuwrr.MS:  dlTK-  pn|tMlt«.    luSi    ■nlftmi. 

tl»t«il«K]>i«I8T!hHwi'hn<>,i<Mi  wta.  tiiHMl.4i:  larUUr.ni:  •■ 

iml.  IK:  pndartloii  at,  WEt:  Tula*  buw  Mnunllum  ^t  leleiu>|K>,  Uli 

•■tIbI.  MtL  MnullHilpsii.  BSO. 

M*r>'<y>i<f  gfiu-*  *»3.  Mnmhl.  pull...  111. 


■I  Inli 


>1,  »1. 


Mjilh«vulhvrp«B<IDluiq.  711- 
la.  T;  dwaUAl  prnfertlM.  13;  flvatnl  pr«- 

Hminaiii  d^oilli  nr  viii^ui  «lulk>M  DMi 


Numnl  phlloarmbT.  9. 
N>lura.k>;-D<iliii>I.a3t 


I    NI|iht|i^u>.4M. 
I  AoMIi'i  «ilii>n'>mMrr,  I 


.  NuQMnclBlari,  ftnitft  drrtrtnl.  B81. 

\  OI^UTai  cnmvounil.  KKI. 
Oblliiiis  |V||HI>.  190. 
U1>lli|uii  rmMi  n-rnfbd  bjr  lanMh  4M. 


706 


0>i|«iiun>nHM(ln>iili..i 
OKrin  «r  WrmlrUL  hHI.  : 
Uriirta  of  undBlkUuHO  2M. 
oiiilliiUDB,  nUtn  uf.  >*. 


Pioii^  wkIiIbi  nir 


la  Ibr.  al; 


nim  rutmlUm  of  lb*  ^iirlllt  M 


iBT' 


llqDMapaa>valal«lii«i>wl. 


r,;'.";;'.,ir„'^iir; ; 


l:D>mpn^lHitta> 


PfrvrnvtrhttJ  hiBtlBi  rJI 


i 


Vr>1uiie  pll>  or  tancn,  WM:  rhim 
W»i  inuplnl  rUnwnta.  «TB| 
l>n>.  WUI ;  pliTilnl«l'>1  •fln'li, 
n«Ili>  •Ihru.  >W;  tbtt-r>  or.  Nfl 
VMUlKipaikiirfiinh,  SM, 
Vi-IUbm  ■uil  (i>l>aDl>iii.  Ml. 

r-Jla't  dUwum.  oHnia  oft  M& 


ilujii  dhimnd  li;r  ulldlflcatlan,  «»<. 


Hatar.taMaf  uiiK|iu1  npiiKkJi 


H*iii,itwiu,m. 

Walihvn.ai.lM;  datulllon  o(  U. 

Wirliihu.  Fnuih  •litaim.  Ivu. 

WsJthl.'pnine.W. 

W>l«bt  ?nlH  la  dlBinat  ItoiilHh*,  K. 


A  m  ldc.  drf  pii«.  *n. 


